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Welcome to Salvage Therapy for Prostate Cancer. On behalf of my team and I, it 
has been a pleasure putting this together for you. This is an important topic for both 
patients and clinicians alike and was specifically written for clinicians like you. 
Years ago, when I was a fellow at Guy’s and St Thomas’ Hospitals, I came across 
this topic as a young registrar. Clearly, it is an area which often results in a difficult 
situation for both clinician and patient—the patient has failed their primary therapy 
for prostate cancer. What do you do next? It is often the time when treatment options 
may become narrower or you may be running out of curative treatment options. 
Now, having had experience of prostate cancer management, I realised this book 
needed to be written. 

We are lucky to have experts from around the world contributing to this book. 
There are many difficult topics we deal with, from which type of salvage therapy is 
best, to looking at outcomes, and what therapy can be used when. We also examine 
topics such as diagnostics in recurrent prostate cancer as well as more trial-based 
treatments such as HIFU and cryotherapy. The most important thing is to always put 
the care of your patient first—do this and you will always succeed. 

With Best Wishes. 


Southend, UK Sanchia S. Goonewardene 
Boston, MA, USA Karen Ventii 
Bristol, UK Raj Persad 
Syracuse, NY, USA David Albala 


London, UK Declan Cahill 
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Kouros Driscoll, Sanchia S. Goonewardene, 
and Ben Challacombe 


A systematic review was carried out from June 1980 to August 2018. The databases 
reviewed were Medline, Embase, PsycINFO and Global Health. Any studies not 
published in English were excluded. A total of 31 studies were included after eligi- 
bility screening. 

The results demonstrated a number of findings in support of laparoscopic and 
robotic surgery. Positive surgical margins reduced from 30.1% in open surgery to 
21.1% and 21.6% in laparoscopic and robotic studies, respectively. Complication 
rates were comparable, 38.2%. 27.7% and 33.8% in open, laparoscopic and 
robotic surgery, respectively. However, there was a reduction in mean Dindo- 
Clavien classification of grade III in open surgery to grade I in laparoscopic and 
robot-assisted surgery. Continence rates were similar in all three procedures. 
Biochemical-free recurrence improved from 59.5% to 76.5% in laparoscopic and 
71.8% in robot-assisted, which could be due to the improved positive surgical 
margin rates. 

This study concluded that laparoscopic and robot-assisted represent benefits in 
both complication severity and outcomes due to a better negative margin rate. 
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1.1 Introduction 


Salvage Radical Prostatectomy (SRP) provides long-term cancer control >10 years 
[1]. Despite the curative potential of SRP, most patients with local recurrent Prostate 
Cancer (PCa) are treated with androgen deprivation therapy (ADT) or radiotherapy 
[2]. Reluctance to undertake SRP is due to significant fibrosis of the irradiated tissue 
leading to a loss of tissue planes making the procedure more challenging, as com- 
pared to virgin tissue. This has resulted in high morbidity rates historically with a 
high incidence of post-operative incontinence and intra-operative rectal injury rates 
of 19% with open surgery [3, 4]. 

The first reports of salvage radical prostatectomy came from Carson et al. in 1980 
[5], which was effective, but with a high morbidity rate. In 2007 an open salvage radi- 
cal prostatectomy series [6] reported incontinence rates of 41% and rectal injury rates 
of 4.7%. This represented a reduction compared to the 19% reported previously [3]. 

In 2003, Vallancien et al. [7] published a series of salvage laparoscopic radical pros- 
tatectomies (SLRP) and in 2008, Jamal et al. [8] described the first case of salvage 
robotic-assisted radical prostatectomy (SRARP). These developments in approach 
have the potential to offer improvements in both oncological and functional outcomes. 

The major issue faced by salvage surgery is an increase in complication rates 
compared to primary surgery. The benefit of robot-assisted procedures 1s believed to 
be due to improved visualization allowing identification of surgical planes, which 
are destroyed by irradiation from the primary treatment. This decreases the risk of 
positive surgical margins and complications while improving functional outcomes. 


1.2 Systematic Review Methods 


A systematic review was conducted to identify literature relating to SORP, SLRP or 
SRARP for locally recurrent PCa. The search strategy used was aimed at identifying 
all papers regarding salvage radical prostatectomies. The search terms were 
Prostatectomy AND Salvage Therapy AND Open Surgery OR Laparoscopic 
Surgery OR Robotic Surgery. Only studies containing primary data and published 
in English after 1980 were considered. 

The databases and the years screened were as follows: 
e Medline (1980 to March 2020). 
e Embase (1980 to March 2020). 
e PsychINFO (2002 to March 2020). 
e Global Health (1976 to March 2020). 

Two reviewers (KD and SG) independently screened all the abstracts obtained 
from the search terms for eligibility resulting in 31 studies (Table 1.1) being included 


Table 1.1 Studies to be included in the review Open [10-14], [15, 16], [17-25] 
organized by the procedure type and in order of 


publication date Laparoscopic | [7, 26-30] 


Robotic [31, 32], [33-37], [38, 39] 
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PRISMA 2009 Flow Diagram 
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Fig. 1.1 PRISMA flow chart of systematic review showing the selection, screening and eligibility 
assessment for study inclusion [9] 


as shown in the PRISMA diagram { Moher, 2009 #13 }(Fig. 1.1). Any disagreement 
between the reviewers was resolved by discussion or referral to an independent third 
party. Cohen’s Kappa was used to assess the level of the inter-reviewer reliability in 
selecting the papers [40]. Both reviewers agreed that all studies should be included— 
Cohen’s Kappa score was 1.0. 
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Table 1.2 Dindo—Clavien classification of surgical complications as used in this review to clas- 
sify the severity of complications arising from SRP [43] 


Clavien classification of surgical complications 

Clavien classification Definition 

Grade 1 Any deviation from the normal postoperative 
Course without the need for pharmacologic/ 


Surgical/radiological intervention (antiemetics, analgesics, 
antipyretics, diuretics, electrolytes allowed) 


Grade II Complication requiring pharmacologic treatment 
Grade III Requiring surgical/endoscopic/radiological intervention 
Grade IV Life-threatening complications requiring intensive care 
Grade V Patient mortality 


The primary outcomes were positive surgical margins (PSMs), lymph node posi- 
tivity (LNP) and complication rate. PSMs are believed to correlate with biochemical 
recurrence-free survival [41]. Additionally, the importance of lymph node dissec- 
tion has been questioned in reducing recurrence rates [20, 42]. However, it is impor- 
tant in the pathological staging of the cancer. Complications were stratified as per 
Clavien—Dindo classification (Table 1.2). 

Secondary outcomes were continence rates, potency, biochemical-free recur- 
rence rates and disease-specific survival rates. These were recorded as they were 
reported at the end of the follow-up period. 

According to the Levels of Evidence for Primary Research [44], all of the stud- 
les, except 2, were classified as level IV evidence as they were case series looking 
into the therapeutic effects of treatment. The remaining studies were level III cohort 
studies by Pisters et al. [23] and Tefilli et al. [13]. 

A Critical Appraisal Skills Program (CASP) was used to establish the quality of 
the evidence for the systematic review. The CASP highlighted the relevance, results 
and weaknesses of the studies. The answers to the questions set below are recorded 
in Appendix |. The 12 questions assessed were: 

1. Did the study address a clearly focused issue? 
Was the cohort recruited in an acceptable way? 
Was the exposure accurately measured to minimize bias? 
Was the outcome accurately measured to minimize bias? 
A. Have the authors identified all important confounding factors? List any miss- 
ing ones. 
B. Have they taken account the confounding factors in the design and/or 
analysis? 

6. A. Was the follow-up of the subjects complete enough? 

B. Was the follow-up of the subjects long enough? 

7. What are the results of this study? 

8. How precise are the results? 

9. Do you believe the results? 
10. Can the results be applied to the local population? 
11. Do the results fit with other available evidence? 


eg 
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12. What are the implications of this study for practice? 

Some of the papers did not state whether the patients were selected consecutively 
or whether all eligible patients were asked to take part in the study, and hence patient 
selection could have led to bias. A variety of definitions of outcomes were used for 
BCR, continence and potency. As the Clavien—Dindo complication grading had not 
become common practice until 2009, the earlier studies did not use it and compara- 
bility of the results was limited. 

Two issues were highlighted with the follow-up data. Firstly, as many of the stud- 
les were retrospective studies the baseline data for some patients was incomplete. 
Secondly, the follow-up period of all the robotic and laparoscopic studies and 8 of 
the 17 open studies were short. This renders the follow-up data unreliable, as it is 
not possible to be certain as to whether the end of the study expressed all the 
outcomes. 

Individually, none of the studies were large enough to provide definitive results 
that can be applied to local populations or have implications for clinical practice. 
However, taken together they provide a considerable base of support. 


1.3. Results 
1.3.1 Open Salvage Prostatectomy Results 


The results of the 16 open studies reported are recorded in Table 1.3. The first open 
study [11] reported on 43 patients, 35 of whom had salvage prostatectomy and 6 of 
these patients died from metastatic prostate cancer, 2 from perioperative complica- 
tions (as per Table 1.3) and 1 from secondary metastasis. This was attributed to 
tumours being more advanced than expected which led to positive surgical margins 
in 30 patients. 

Rogers et al. [12] used a procedure to separate the rectum from the prostate in 12 
patients, while the other 28 patients had a standard open retropubic approach. The 
complication rate was high in this series due to previous bilateral lymphadenectomy 
causing extensive fibrosis. A prospective study of 42 patients reported a high rate of 
urethral stenosis or bladder neck stenosis of 50% [24]. This required treatment with 
internal urethrotomy (Clavien—Dindo Grade III b). This was explained by decreased 
tissue vascularization due to radiotherapy leading to decreased healing. 

Conversely low complications rates have been reported in several studies. 
Leonardo et al. [21] performed SRP in 32 patients, and 8 had Biochemical 
Recurrence (BCR) and 2 underwent chemotherapy for metastasis. Rectal injury 
rates were low which was attributed to combining retrograde and antegrade dissec- 
tion. Lawrentschuk et al. [20] examined the outcomes in 15 patients from five insti- 
tutions. The complication rate was low in this study, which could have been due to 
the surgeon’s experience, with only one complication which was Clavien grade III. 

Tefilli et al. [13] concluded that primary RP followed by salvage radiotherapy 
was more effective than primary radiotherapy followed by SRP and that as patients 
are being treated younger advance thought should be given to salvage therapies. 
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However, in terms of outcomes following salvage therapy, Pisters et al. [23] estab- 
lished that SORP group had an improved biochemical-free survival and overall sur- 
vival at 5 years when compared to salvage therapy. 

A number of studies have reported improved continence outcomes due to 
improved or bladder sparing techniques. Vaidya and Soloway [14] presented six 
cases of SORP of whom five maintained continence. This was attributed to using 
bladder neck preservation techniques. Pisters et al. [10] performed SORP with con- 
tinent catheterizable reconstruction. They reported a high continence rate of 76.9%, 
which they attributed to improvements in techniques and use of patient question- 
naires rather than retrospective chart review. Van der Poel et al. [25] reported 27 
salvage perineal prostatectomy patients. Complication rates were high with 13 
grade I, 2 grade III and 1 grade V but they concluded that functional outcomes were 
higher than in open retropubic series due to the perineal approach. Concurrent blad- 
der augmentation with bladder neck closure and a catheterizable stoma was per- 
formed by De et al. [18]. Nine patients responded to the questionnaires, of whom 
four reported no leakage and two reported leakage <1 per week. There was no ure- 
teral anastomotic stricture due to the bladder preservation. The authors concluded 
continence was improved in patients. 

An international study of seven institutions [17] set out to establish predictors of 
BCR, metastasis and death post-SRP in 404 patients. They identified lymph node 
positivity as being an indicator of metastasis. Pearce et al. [22] claim to be more 
representative than the study by Chade et al. [17] as it was from a national cohort 
and not tertiary centres; hence, the pathological and perioperative outcomes were 
more representative. The PSM rate was comparable to other studies, which reported 
PSM rates before 2000 as 43-70%, and subsequent studies to be 0-36%. 

A retrospective analysis of 11 SORP patients was published by Darras et al. [16]. 
There was one prostate cancer-related death at 158 months and 3 patients had bio- 
chemical recurrence at 24, 32 and 38 months. Nine patients used 1 > pad per day. 
Nine patients were treated for local recurrence by Dall’ Oglio et al. [15]. Biochemical 
recurrence occurred in 2 patients. Incontinence developed in the 2 patients who suf- 
fered bladder neck contracture and 4 of 8 were potent. A prospective study of SRP 
in 12 patients with nonmetastatic castration-resistant prostate cancer was performed 
[19]. The study concluded long-term outcomes were unfavourable due to hormone- 
resistant disease being more aggressive. 


1.3.2 Laparoscopic Salvage Prostatectomy Results 


There was a total of six SLRP studies as listed in Table 1.4. This first study by 
Vallancien et al. [7] reported a low complication rate with just two patients experi- 
encing UTI subsequent to a prolonged catheterization period (Clavien—Dindo Grade 
II). There were no rectal injuries, which could have been due to the technique of 
“finger assisted laparoscopy” which was believed to be safer than a rectal bougie as 
the surgeon can feel the thickness of the rectal wall. Liatsikos et al. [28] also reported 
no rectal injuries after treating 12 patients with salvage laparoscopic extraperitoneal 
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radical prostatectomy. They attributed this to the technique and direct prostatic dis- 
section. However, no benefits were found over peritoneal techniques. Nunez-Mora, 
et al. [29] reported no rectal injuries, which they described as being due to dissec- 
tion in proximity to the prostate. They also stated that the lack of anastomotic stric- 
ture was due to a better view during the anastomosis. SLRP post HIFU was tested 
in 13 cases by Leonardo et al. [27]. Post-operatively nine patients were continent 
and none were potent. Again, rectal injury was avoided by dissection in close prox- 
imity to the prostate along with digital rectal guidance. 

Salvage Laparoscopic Extraperitoneal Radical Prostatectomy was performed in 
nine patients by three experienced surgeons [30]. Continence was maintained in 
77.8% of patients, which was in the normal range of continence rates observed 
despite the bladder preservation technique. Ahallal et al. [26] retrospectively ana- 
lyzed 15 patients of whom 4 had robotic-assisted transperitoneal laparoscopy and 
the remaining patients had conventional laparoscopy. Three patients had a persistent 
PSA post-operatively which was attributed to micrometastasis. 


1.3.3 Robotic Salvage Prostatectomy Results 


The first robotic study identified in this review was by Kaouk et al. [32] (Table 1.5). 
There were no rectal injuries attributed to the improved 3D vision of the posterior 
plane. The one patient who had BCR was believed to have had undiagnosed metas- 
tasis. In a review of 34 patients [36], the low incidence of rectal injury was stated 
to be due to improved robotic visualization of the posterior aspect of the prostate 
and a modified procedure was used in which the dorsal vein is not ligated and the 
lateral margins of the prostate are completely freed. One rectal injury occurred in 
an under-staged pT4 patient (Clavien—Dindo Grade HI b). Rectal injury was also 
avoided by Chauhan et al. [34] by using a modified technique by using a sigmoido- 
scope to illuminate the rectum so that any areas of damage or thinning could be 
observed. SHIM scores showed widespread erectile dysfunction. Continence out- 
comes were stratified by age and found that older age group was less likely to 
maintain continence. 

In contrast, Yuh et al. [38] reported a high complication rate with 12 grade I, 17 
grade III and 5 grade IV complications. They concluded this to be due to other stud- 
ies taking place at tertiary centres where patients may be lost to follow-up, record- 
ing complications up to 90 days and a loss of tactile feedback. The latter was 
identified as being particularly important when planes were hard to identify and so 
improved robotic technology is required. 

Five patients had a standard extraperitoneal SRARP and the final patient had an 
intraperitoneal procedure in a study by Strope et al. [37]. EPIC and SHIM were used 
to assess quality of life, which showed that all patients experienced some form of 
preoperative urinary and erectile dysfunction, similar to Chauhan et al. [34]. The 
high rate of incontinence and ED was described as being due to a loss of tactile 
feedback making the robotic procedure more difficult. 
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A retrospective assessment of 18 patients was carried out by Eandi et al. [35]. 0/8 
maintained potency, which was noted as being due to a lack of neurovascular bundle 
preservation, as they did not wish to risk cancer control. A low continence rate was 
attributed to a short patient follow-up. Conversely, Boris et al. [33] evaluated 11 
patients with nerve-sparing techniques. 2/10 patients were potent post-operatively 
which is in the normal range despite the nerve-sparing procedures. They concluded 
that SRARP was effective following brachytherapy or EBRT. Zugor et al. [39] also 
attempted nerve-sparing procedures in 3 of 13 patients. However, only 1 patient 
who had a nerve-sparing procedure maintained potency. 

The largest study so far by Bates et al. [31] assessed 53 patients and compared 
them with a propensity-matched cohort of 53 RARP patients. There was only | 
postoperative complication in an SRARP patient. However, there was also a higher 
rate of leakage in SRARP patients, 18 versus 3 in RARP. The high anastomotic 
leakage was suggested to be due to radiotherapy causing ischemic-—fibrotic urethral 
devascularisation leading to breakdown of the urethral tissue. BCR was lower in 
SRARP. Continence and potency were both reduced following SRARP. 


1.4 Comparison of Outcomes 


There were some notable trends within the data regarding PSMs and complication 
rates. PSM results ranged from 16.2 to 70%, 13.3 to 28.6% and 0 to 33% in Open, 
Laparoscopic and Robotic procedures, respectively. Mean PSMs were 30.1%, 
21.1% and 21.6% (Table 1.6) in SORP, SLRP and SRARP. Only studies reporting 
all complications were used to calculate the means. However, this was not a statisti- 
cally significant change in SLRP (p = 0.15) or SRARP (p = 0.10). 

In the open series, 110 complications were recorded in 288 patients, giving an 
overall complication rate of 38.2%. Throughout the SLRP series, 65 patients were 
treated with 18 complications, meaning a rate of 27.7%. Lastly, in SRARP there 
were a total of 70 complications in 207 patients, representing a rate of 33.8%. 
However, it should be noted that, of the 72 complications in SRARP studies, 34 
occurred in a single study [38]. If this were excluded, it would mean a complication 
rate of 17.4%. Neither SLRP (p = 0.34) nor SRARP (p = 0.69) represented a statisti- 
cally significant change in overall complication rates compared to SORP. 

However, in SORP the most common complications were Clavien Grade III 
(73.6%). In comparison to both Laparoscopic and Robotic procedures, Grade I 
complications were most common with 55.6% and 47.1% of the total complica- 
tions, respectively (Table 1.7). In addition, there were more reports of deaths 
amongst the open studies with 5.5% of complications being grade V compared to 
none in SLRP or SRARP. Moreover, there was a reduction in the rate of rectal 
injury. In SORP there were a total of 15 complications involving the rectum; this 
represents 13.6% of the complications arising from SORP. This was reduced to 1 
rectal injury (5.55%) and 2 rectal injuries (2.9%) in SRARP. In contrast, the rate of 
anastomotic leaks increased in SRARP to 11.5%, and was 5.6% in SLRP and 7.3% 
in SORP. 
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Table 1.7 Complications in open, laparoscopic and robotic stratified by Clavien—Dindo staging 


Clavien—Dindo grade | Low grade High grade 

Grade I (%) | Grade II (%) | Grade III (%) | Grade IV (%) | Grade V (%) 
Open Li. 2H 73.6 0.90 = 
Laparoscopic 55.6 27.8 16.7 0 0 
Robotic 47.10 4.3 AO 8.6 0 


The data regarding continence overlapped largely between the different proce- 
dures and no statistically significant differences were shown. Similarly, the ranges 
regarding potency showed no statistical difference. 

The ranges of biochemical-free survival were 25—91.7%, 55.6—-92.3% and 
57-82.4% in open, laparoscopic and robotic procedures, respectively. The mean 
BCER rates are in Table 1.6. There was no statistical difference between SORP and 
SLRP (p = 0.07) but was between SORP and SRARP (p = 0.05). The data regarding 
disease-specific survival was similar in all procedures with ranges of 73.5—100%, 
100% and 94.1—100% in open, laparoscopic and robotic procedures. This was a 
statistically significant increase in laparoscopic studies. 


1.5 Discussion 


For patients with BCR and non-metastatic disease, which are localized and who 
have a life expectancy over 10 years, salvage radical prostatectomy is a potentially 
curative treatment option. The aim of this review was to compare the outcomes of 
the three different SRP procedures. 

SRP is an uncommon procedure, accounting for just 0.5% of radical prostatecto- 
mies [45]. This 1s not too dissimilar to the BAUS 2018 data [46] which looked at a 
total of 9747 radical prostatectomies performed in 2018, with 98 being salvage 
prostatectomies representing 1.01% of the entire dataset. Although this is a rela- 
tively similar figure, a doubling of the percentage over a 5-year period could be 
considered to indicate that, as surgical techniques improve, more patients are being 
identified as being suitable candidates for salvage procedures. The results of Prasad 
et al. [45] appeared to show a reduction in the rate of positive surgical margins in 
minimally invasive procedures compared to open; however, this was not statistically 
significant. 

A systematic review of primary RRP, LRP and RARP did find that PSM rates 
were lower with robotic procedures [47]. However, this reduction of PSM using 
robotic assistance is not noted in other reviews, which reported ranges of PSM in 
SRARP of 13-50% and SORP of 11-33% [48]. This could be due to the reduction 
in tactile feedback during robotic procedures commented on by Strope et al. [37] 
off-setting any improvements in visualization and requiring more surgical experi- 
ence before the true benefit of robotic assistance becomes clear. 

Dissection of lymph nodes was inconsistent throughout the studies, with a vari- 
ety of lymphadenectomy procedures used and some not performing LND at all. 
Some suggest that while LND has a benefit in improving staging it, has no benefits 
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In improving outcomes and is associated with complications [34]. This may explain 
the inconsistency of studies using LND as it does not improve outcomes and hence 
was not consistently performed. 

Due to the rarity and the relatively recent developments of both SLRP and 
SRARP, the long-term oncological data was poor. The median follow-up periods at 
which BCFR and DSS were reported were 37.3, 16.2 and 17.9 months, respec- 
tively, for open, laparoscopic and robotic surgeries. The shortened time period 
means patients may still have suffered from recurrence after follow-up. We found 
that there was a statistically significant increase in BCFR in SRARP compared to 
SORP (p = 0.05) as shown in Table 1.6. Having said this, disease-specific survival 
was higher within the SRARP group indicating that although more data is required 
to produce conclusive statistical evidence overall outcomes are improved 
using SRARP. 

Functional outcomes were universally poor pre-operatively as shown by the 
EPIC and SHIM scores [34, 37]. We found these low rates generally decreased fur- 
ther post-operatively. Functional outcomes have been shown to not vary signifi- 
cantly between open and robotic procedures [49]. This was maintained in this 
review with no significant differences. It has been suggested that the lack of advances 
in functional outcomes could be due to the effects of primary therapy; hence, out- 
comes are not influenced by salvage surgery [8]. However, this does not appear to 
be the case as for both continent and potent patients there is a reduction in function- 
ality post-operatively [33, 38, 39] and hence it exerts a negative influence. 

It is believed that nerve-sparing procedures may improve functional outcomes 
post-operatively. Yet these are not often performed due to the preference to attempt- 
ing curative surgery for the local recurrence in lieu of preserving erectile function 
[35]. However, even when nerve-sparing procedures were performed, this was not 
consistent with the preservation of function. In the study by Zugor et al. [39], five 
patients were potent preoperatively, and nerve-sparing procedures were performed 
in three of these patients. Post-operatively three patients were continent but only 
one of them underwent NVB preservation. It was found that when stratified by age, 
continence and potency were less likely to be maintained in older age groups [34], 
which could explain the reduced rates in salvage therapy compared to primary ther- 
apy as the cohort is by nature older. 

The Clavien grading system came into use in 2009, and hence, not all studies 
prior to this reported their standards according to these criteria. As such, we had to 
classify the data as accurately as possible using the data provided. This could have 
led to incorrect classification. In addition, the studies before this did not identify the 
time period over which complications occurred and thereby may have misreported 
the rates by using longer or shorter time periods. 

Using the Clavien—Dindo classification, the most common complications were 
high grade (grade III) in open procedures. However, the complications were 
improved with Laparoscopic and Robotic procedures with most complications 
being low grade (grade I). We reported a reduced rate of rectal injury in SRARP and 
SLRP but this was not maintained in anastomotic leaks in which SRARP had the 
most complications followed by SORP and SLRP. The anastomotic leak rates in 
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SRARP and SORP are comparable to a series, which reported a range of 8.6—13.5% 
in SRARP and 3.9—23% in SORP [50]. The low rate of complications in SLRP was 
commented on by Nunez-Mora, et al. [29] which was said to be due to good vision. 
Notably, there have also been no incidences of death in the laparoscopic or robotic 
series, whereas it made up 5.5% of complications in open studies. 


1.6 Concluding Remarks 


This study demonstrates that, while there was no difference in PSMs, there was a 
reduction in the severity of complications arising from SLRP and SRARP compared 
to SORP. This is of utmost importance as one of the leading reasons for the avoid- 
ance of SRP historically is due to the high risk of toxicities. In particular, we noted 
that there were no deaths in the use of SLRP or SRARP whereas there was a signifi- 
cant risk of 5.5% in SORP. In addition, the proportion of rectal injuries was halved 
in SLRP and reduced even further in SRARP. Hence, salvage surgery has been 
fundamentally improved, as the risks for patients are more reasonable with mini- 
mally invasive surgeries. 
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2.1 Introduction 


Primary Radiation Therapy (RT) for localized Prostate Cancer (PCa) can be per- 
formed by either External Beam Radiotherapy (EBRT) or Brachytherapy (BT). 
After primary treatment, an increasing serum PSA can unfortunately lead to the 
diagnosis of PCa recurrence. According to the RTOG-ASTRO definition, a > 2 ng/ 
ml over nadir serum PSA detection defines the Biochemical Recurrence of the dis- 
ease (BCR) [1, 2]. After primary RT, BCR is experienced by a variable number of 
patients, ranging from approximately 20% up to more than 50%, depending on dif- 
ferent literature reports, PCa risk category and follow-up length [3-6]. BCR after 
primary RT is indeed a challenging condition to deal with for uro-oncologists, both 
technically and epidemiologically. PCa, in fact, is nowadays the most frequently 
diagnosed neoplasm in men, at least in Western countries [7]. Moreover, a majority 
of PCas show a clinically localized manifestation, suitable for local surgical or radi- 
ation treatment, resulting in a primary RT offered to 20-38% of patients [8, 9]. As a 
result, also BCR after primary treatment will be increasing in the near future, prob- 
ably making PCa recurrence after RT a more and more common condition. 

Currently, several therapeutic strategies are available to manage a BCR after 
primary RT. Non-surgical strategies with curative intent comprehend salvage abla- 
tion, including cryotherapy, HIFU or other energy sources, salvage brachytherapy 
and re-irradiation. However, these options do not allow lymph node staging. Also, 
some limitations may be present depending on the site of the recurrent cancer and 
the energy used, especially in case of apical cancers for cryotherapy and HIFU and 
for anterior lesions in case of HIFU [10, 11]. 
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Alternatively, BCR patients could be observed in case of apparently non- 
aggressive recurrence [2, 12] or could undergo Androgen Deprivation Therapy 
(ADT). Salvage Radical Prostatectomy (SRP), either with the classical open tech- 
nique or using a minimally invasive approach, may be considered in those fit for 
surgery and with a life expectancy of >10 years. However, due to uncertain onco- 
logical and functional outcomes and the historically high risk for complications, 
this surgery is rarely contemplated. As a matter of fact, the vast majority of patients 
experiencing post-RT BCR will receive observation or palliative ADT, which do not 
allow a chance of being cured. On the contrary, only a few of them, even less than 
5%, will be offered an active and potentially curative alternative [13]. Also, these 
men will experience ADT side effects, lowering their quality of life, together with 
significant disease-related psychological burden. 

Salvage Radical Prostatectomy (SRP) is a viable, though still not completely 
validated, surgical alternative. SRP was first described by Mador in 1985, the initial 
reports revealing long operative times, high technical difficulties and frequent high- 
grade surgical complications [14]. Moreover, oncological outcomes appeared unsat- 
isfactory. Subsequently, an increased knowledge of prostate’s surgical anatomy and 
the introduction of technical innovations, most importantly the robotic-assisted sur- 
gery, have gradually generated new confidence in this technique, which is nowadays 
more often proposed to radio-recurrent patients. Several contemporary surgical 
series, in fact, showed significantly decreasing complication rates and improved 
functional results when the procedure is performed by experienced surgeons, renew- 
ing the interest in this procedure. 

In this chapter, we aim to summarize the main aspects of SRP, from the biology 
of radiation-induced pelvic tissue changes to the surgical steps of the procedure and 
SRP’s oncological and functional results in the contemporary era. 


2.2 Histopathological and Morphological 
Radiation-Induced Modifications 
of Pelvic Tissues 


Primary RT induces deep changes in the prostate and its surrounding tissues. These 
modifications have an impact on all surgical steps of SRP, being responsible for 
technical difficulties. After irradiation, a generalized involution of the glandular 
structures, together with a reduction in the normal vascularization, is usually 
observed. As a consequence, a marked fibrotic process 1s provoked by RT, leading 
to the alteration of many anatomical structures that can appear significantly differ- 
ent from the normal ones at the time of surgery. The loss of the normal surgical 
planes and a reduced healing capacity are common findings. Moreover, the effect of 
radiation on the tissues of the pelvis develops with time, from immediately after 
treatment until years after, and its extent is widely unpredictable and variable 
between one patient and another. 

Specifically concerning the anatomy of the prostate and surrounding tissues, the 
radiation-induced changes can be summarized in three categories: 
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1. Disruption of the vascularization: despite promoting neo-angiogenesis, mean- 
ing the formation of multiple newer micro-vessels, radiation usually reduces the 
total amount of blood received by the tissues, making them suffer from chronic 
ischemia. This happens because these new vessels are usually ineffective and 
anarchic. Thus, irradiated tissues tend to appear whitish and atrophic. Moreover, 
the lack of blood cell-borne immune surveillance makes these tissues more prone 
to infections. On the other side, the radiation can damage the wall of the bigger 
local arteries (i.e. the arteries of the endopelvic fascia), making them more frag- 
ile and enhancing the probability of bleeding during the surgical dissection. 
Finally, the lack of effective vascularization reduces the local healing potential. 

2. Fibrotic involution: having to deal with extremely adherent tissues is a constant 
finding during SRP. The effect of radiation determines deposition of collagen 
fibres as a response to the ischaemic damage, thus leading to the formation of 
less defined anatomical structures. 

3. Atrophy of the adipose tissue layers: as a response to ischaemia, the adipose 
layers normally separating the different structures tend to disappear or to become 
extremely thin, making the surgical dissection more difficult, particularly in the 
posterior plane, where the rectum 1s found to be adherent to the Denonvilliers’ fascia. 


2.3 Radio-Recurrent Prostate Cancer Patients’ Selection 


As a general consideration, pre-operative selection of SRP patients still reveals some 
ambiguous spots. Usually, BCR patient cohorts tend to be inhomogeneous, harbour- 
ing different levels of neoplastic aggressiveness and pre-operative staging. Moreover, 
a pre-SRP selection process has not been validated yet. Nonetheless, selection is 
crucial to the determination of SRP outcomes. As it has been reported by Mandel, 
SRPs performed in higher-risk patients result in worse post-operative results [15]. In 
current cohorts, patients are generally younger, with an average age lower than 
70 years [16], but such an age stratification could entail a selection bias, as those with 
a more advanced age and greater comorbidities may tend to undergo ADT. Also, pre- 
operative mean PSA can vary greatly. Among the most important cohorts of SRP 
patients, PSA values ranging between 3 and 15 ng/ml are reported [15, 16]. 

The EAU Guidelines address the issue of pre-operative SRP patients’ selection, 
proposing a series of criteria. According to these recommendations, SRP should be 
proposed to BCR patients showing lower comorbidities, a 10-year or greater life 
expectancy, a clinical stage <T2b, a Gleason score <7 (ISUP < 2/3), PSA < 10 ng/m 
and pre-RT staging T1 or T2 [17]. 

Over time, the difference between EAU criteria compliant and non-compliant 
patients’ outcomes grows. At 5 years, BCR after SRP appears to vary greatly, drop- 
ping from 73.9 to 11.9% in the non-compliant and compliant subgroups, respec- 
tively. Hence, the use of this tool to select patients is recommended. Importantly, it 
should be highlighted that in the real-life context, an accurate patient selection may 
often be more complicated, and compliance with EAU criteria to select patients has 
not been investigated yet. 
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2.4  Pre-SRP Staging 


Together with pre-operative patients’ selection, crucial points are prostate biopsy 
and staging. 

Even though the diagnosis of BCR could be clinically suggested by the PSA 
kinetics, a prostate biopsy remains the only tool able to definitely confirm intra- 
prostatic relapse of PCa. In the SRP context, where the expected morbidity of treat- 
ment is high, pre-operative biopsy should be considered mandatory and is currently 
recommended by guidelines [2, 18]. Moreover, biopsy specimens could be informa- 
tive about the patient’s oncological outcomes and, as previously discussed, for 
patients’ selection/allocation to SRP (e.g. Gleason score of the recurrence). Notably, 
due to radiation-induced changes, relapsing cancer’s Gleason score is often difficult 
to determine and represents a real challenge for the uro-pathologist. Sometimes, a 
Gleason-like score is defined, instead of the original one. 

Radiological imaging can significantly enhance the diagnostic potential of pros- 
tate biopsies. Particularly, multiparametric prostatic magnetic resonance has dem- 
onstrated a high sensibility and sensitivity for recurrent intra-prostatic lesions and 
can be proposed to guide biopsies or even salvage local treatments different from 
SRP [18, 19]. Finally, the diagnosis of local recurrence by PET/CT is also feasible, 
but a substantial lack of prospective data comparing it to prostatic MR is to be noted. 

Systemic re-stadiation, on the contrary, could benefit from the use of PET/ 
CT. The detection of metastatic BCR patients is, in fact, an absolute priority, to 
identify those who would not benefit from local treatment, while experiencing its 
significant side effects. 

On the one hand, choline-PET/CT is superior to both abdomen CT and bone scan 
for the detection of metastases, showing interesting sensitivity and specificity for all 
sites of recurrence in BCR patients [20, 21]. On the other hand, it shows some limi- 
tations in detecting LN recurrence and its performance is limited by PSA values and 
kinetics [22]. PSMA PET/CT seems to be superior to choline PET/CT with PSA 
values <1 ng/ml, thus showing a potential in the early phases of BCR [23]. 


2.5 Salvage Radical Prostatectomy: Surgical Technique 


The surgical technique and concepts governing the performance of SRP mirror 
those of a standard intervention. However, particular attention must be paid to a 
number of procedural steps, to limit the incidence of intra- and post-operative 
complications. 


2.5.1 Endopelvic Fascia Incision 
Pelvic micro-vascularization can be significantly altered by previous RT, making 


intraoperative bleeding more frequent due to abnormal neo-angiogenesis and frail 
vessels. Hence, during the incision of the endopelvic fascia, particular attention 
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Fig. 2.1 Radiation-induced fibrotic involution of the levator ani muscle and endopelvic fascia 


should be paid to performing an adequate preventive coagulation. Moreover, accu- 
rate control of the Venous Dorsal Complex (Santorini’s complex) should be 
achieved. Also, fibrosis of the endopelvic fascia can be encountered, with levator ani 
and surrounding planes not infrequently having a pinkish and pale aspect (see also 
Fig. 2.1). On the one hand, this may result in more frail and subtle structures. On the 
other hand, the fibrotic involution of the fascial tissues of the pelvis could also lead 
to a thickening of endopelvic and levator ani layers, making the anterior—lateral dis- 
section of the prostate particularly difficult. 


2.5.2 Posterior Plane Dissection 


The development of the posterior prostatic—rectal plane can sometimes be the most 
challenging step of the procedure. Adherences can be particularly represented in 
this region and the risk of rectal injuries is non-negligible. Furthermore, a narrowing 
of the Denonvilliers’ fascia, and, posteriorly, of the pre-rectal fat, may also occur. A 
cautious blunt dissection is usually needed to get over this step, but sometimes the 
use of sharp dissection and thermal energy is needed to divide the strongest fibrotic 
adherences and coagulate neo-angiogenetic vessels (see also Fig. 2.2). An accurate 
check on the integrity of the rectal wall should be considered before the anastomosis 
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Fig. 2.2 Posterior plane adhesions and Denonvilliers’ fascia thickening 


is performed. Viable options include Digital Rectal Examination (DRE) under 
visual control, insufflating the rectum with air after filling the pelvic cavity with 
saline or checking the rectal wall with a sigmoidoscope. 


2.5.3 Prostate Apex Dissection 


The dissection of the prostatic apex, which is paramount for the maintenance of 
post-operative urinary continence, is another critical point. Fibrotic adherences, 
together with an acquired frailty of the vessels, can make the urethral incision and 
apical dissection challenging, especially considering that the preservation of an 
adequate urethral stump is crucial to preserve the urinary sphincter and subsequently 
to perform a water-tight anastomosis (see also Fig. 2.3). Also, meticulous apical 
dissection is crucial for cancer control, even more in a salvage context, where PCa 
recurrences are usually of high grade and extracapsular. Poor vascularization of 
bladder neck and urethra, fibrotic involution of the tissues and reduced healing 
capacity make the anastomotic leakages not infrequent. For this reason, many 
Authors recommend a radiological check of the anastomosis before catheter 
removal, differently from what is usually done after a standard RP. Others recently 
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Fig. 2.3 Fibrosis, neo-angiogenesis and adhesions of the prostatic apex 


reported the use of a scaffold sutured to the Denonvilliers’ fascia as a protective 
layer against posterior leakages and to improve the vesicourethral anastomosis after 
SRP [24] Beyond these preliminary experiences, an optimal and universally recog- 
nized solution to ensure a perfect apical and anastomotic management in the salvage 
context has not yet been found. 


2.5.4 Neurovascular Bundle Dissection 


Despite not being a constant finding, some patients can maintain a valid erectile 
function after primary RT for PCa, and some of them might aim to preserve it also 
after secondary treatments for radio-recurrent diseases. Thus, nerve-sparing 
approaches have been proposed also in patients undergoing SRP. In these cases, 
blunt dissection of the bundles, when feasible, is recommended, to avoid further 
thermal damage to the nervous fibres. Considering the usual degree of fibrosis 
involving the periprostatic fascia after RT and the fragility of the structures to be 
preserved, functional results are indeed poor and the utility of nerve-sparing 
attempts in a salvage post-radiation context remains unclear (see functional out- 
comes paragraph). 
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2.5.5 Role of Experienced Surgeons 


Besides an accurate selection and counselling of SRP patients and the use of techni- 
cal devices to improve the quality of surgery, two further elements are of utmost 
importance to maximize the oncological and functional results of salvage prostatic 
surgery: the background of the surgeon and the expertise of the centre in which such 
interventions are performed. Definitely, SRP is reserved for surgeons with a strong 
background in standard RPs, and it is recommended to be performed in high- 
volume, tertiary referral centres. 


2.6 Oncological Outcomes 


Compared to the early experiences, an improvement in SRP oncological control has 
been recently reported by some Authors. The relative efficacy of the technique in 
determining a short to mid-term disease control has been particularly highlighted. 
Nonetheless, a lack of long-term, prospective data and frequent inclusion of patients 
beyond recommendations hamper overall data interpretation. To date, the best tool 
for patients’ selection before surgery is represented by the EAU Criteria for SRP 
candidates (see paragraph ‘Patients’ Selection’) [2] but their application to the 
“real-life” setting 1s often limited by occurring clinical evaluations. A further con- 
founding element is BCR definition varying across different series. The Phoenix 
Consensus paradigm (PSA nadir +2 ng/ml) [1] was used as a reference standard in 
more recent studies [15, 25, 26] while others considered different definitions, usu- 
ally related to PSA kinetics over time. Sometimes, BCR patients were identified on 
a clinical base, but independently from PSA trends. 

It is important to highlight the relatively high rate of aggressive diseases selected 
for surgery even in the most contemporary series. If most patients undergoing SRP 
show a pre-operative organ-confined PCa, final pathological specimens often reveal 
a far more advanced cancer. Locally advanced disease, determining Seminal Vesicle 
Invasion (SVJ), is a surprisingly common finding, involving up to 30% of the patients. 
Moreover, as a result of both tendencies to extra-prostatic infiltration and harder 
surgical dissection, the rate of positive surgical margins is not negligible, ranging 
from 13 to 45% [17, 27]. The incidence of positive surgical margins is higher around 
the prostatic apex, witnessing both the aforementioned technical difficulties of this 
intervention and the anatomical variable distribution of the prostatic capsule, which 
is known to be thinner and less defined in this region of the gland. Also, Gleason 
score is frequently aggressive, with Gleason >=8 being reported in up to 54% of the 
cases at final pathology [28, 29]. Finally, the incidence of lymph node involvement 1s 
significant. Considering that the lymphadenectomy is not performed as a routine by 
all surgeons, rates of nodes positivity are comprised between 6 and 16% of the cases. 
Indeed, the role of new imaging modalities, namely PSMA-PET, urgently needs to 
be evaluated in this context and may play an important role in the near future. 

Overall, short- to medium-term BCR rates following SRP are far from being 
optimal. Nonetheless, results partially reflect the relatively high rate of aggressive 
diseases selected for surgery in the majority of the SRP series. 
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At a median follow-up after SRP being often limited to less than 2 years, BCR 
occurs approximately in 50% of the patients, reflecting the curative potential of 
surgery, at least in some patients [25]. Interestingly, at a longer follow-up the trend 
towards PCa relapse after SRP seems to be slow and non-statistically significant in 
the first years after surgery. Up to one on two men could be free of BCR after 
5 years [15, 17]. 

As concerns for long-term cancer and overall survival, SRP shows promising 
results. Five-year CSS rates of 100, 92 and 88.7% were reported in three of the most 
important contemporary SRP series [15, 17, 25]. Moreover, a recent, wide, registry- 
based study reported a CSS rate of 88.6% at 10 years and 72.7% at 20 years [30]. 
OS at 10 years was 77.5%, dropping to less than 50% only 20 years after surgery 
[30]. Again, the lack of prospective data remains an important limitation that needs 
to be addressed in future studies. 

Overall, SRP has emerged in recent years as an effective therapeutic alternative 
to ADT for selected men experiencing radio-recurrent prostate cancer. 


2.7 Functional Results 


SRP’s functional aspects can be observed from two main standpoints: on the one 
hand, in terms of intra- and post-operative complications, and on the other hand, in 
terms of preservation of urinary continence and erectile function. 

Historically, high-grade surgical complications after SRP have been a common 
finding: in the first SRP series by Mador [14], two out of seven patients experienced 
a rectal wall injury. Fortunately, surgical morbidity since then has gradually reduced, 
even though it 1s still significantly higher than after primary RP. 

On the contrary, functional results have not yet improved accordingly. The inci- 
dence of urinary incontinence 1s still very high, affecting up to 100% of patients in 
some series. Similarly, post-operative erectile function preservation rates are low, 
also when a nerve-sparing approach is attempted. Reasons for such unsatisfactory 
functional results could be due to both tissue involution after irradiation and to 
harder surgical dissection, notably of the prostatic apex and neuro-vascular bundles. 


2.7.1 Surgical Complications 


SRP has been historically considered a high-risk procedure. Operating time was 
usually long. More than one on three patients experienced major complications, 
defined by a Clavien—Dindo score > 3. Amongst these, rectal injuries were the most 
feared, because of their possible life-threatening nature and functional implications, 
including a non-negligible need for temporary or definitive colostomy. Post- 
operative anastomotic leakages and urethral strictures were also frequent. 
Fortunately, a new scenario has developed in more recent years and surgical 
morbidity has greatly reduced. Recent reports, mainly from robotic SRP series, 
describe lower operative times, with an average of 3 h per procedure, lower blood 
losses and rare intraoperative complications [16, 24, 27, 31]. On the contrary, 


30 M. Sibona et al. 


post-operative, even high-grade, complications are still present, but their incidence 
has significantly lowered. 


2.7.2 Blood Loss 


SRP has been traditionally characterized by a marked haemorrhagic risk. Data from 
SRP series previous to 2010 revealed mean intraoperative estimated blood losses up 
to more than | L per surgery. Now, a significant improvement has been reported. 
Intra- and post-operative transfusion need has greatly reduced, while the risk of 
massive intraoperative blood losses has become negligible. 


2.7.3 Rectal Injury 


In the older SRP series, an incidence between 0 and 19% was reported [17]. Now, 
rectal lesions significantly decreased, even though they have not yet disappeared. 
When occurring, rectal injuries can eventually be managed intraoperatively in a 
conservative way. A recent retrospective series of almost 400 patients being treated 
with an open or robotic approach reported an overall 1.58% incidence of rectal 
complications [31]. No substantial differences between the open and robotic 
approach were evident. 


2.7.4 Anastomotic Leakages 


Anastomotic leakages due to imperfect healing as a result of radiation damage are 
not infrequent. They usually develop immediately after surgery, requiring prolonged 
catheterization and/or often prolonging patients’ post-operative course. Their inci- 
dence is widely variable across different series. According to older studies, they 
could range from 15% to more than 40%, leading to prolonged catheterization [26, 
32]. More recently, their incidence seems to be decreasing, now standing below 5% 
[31]. Radiological check before catheter removal is still recommended by several 
Authors. 


2.7.5 Urethral Strictures 


As a counterpart of leakages, SRP’s anastomoses can be also affected by strictures. 
Their incidence is reported between 0 and 55% [16, 33]. They can develop soon 
after surgery, or at a distance of months. Thus, they tend to be underestimated in 
studies with shorter follow-up. In some respects, the anastomotic stricture is the best 
representation of many of the difficulties of the SRP technique. In fact, it primarily 
depends on the loss of healing capacity induced by radiation and it also reflects the 
usual troubles met by the surgeon during apical dissection. The incidence of 
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Fig. 2.4 Bladder neck (before its incision) with radiation-induced modifications 


urethral strictures is still non-negligible, standing up to 15% in the most recent 
series (Figs. 2.4 and 2.5 for bladder neck incision during prostatectomy). 


2.7.6 Continence and Erectile Function Preservation 


Continence used to be very poor, with up to 100% of the patients using pads after 
the intervention [17]. Conversely, in the contemporary era, studies detail post- 
operative continence ranging between 10 and 77% [16, 26]. Also, severe inconti- 
nence has been less frequent, being reported in less than one in four men. 

On the contrary, potency rates after SRP still remain very low. Globally, less than 
20% of the patients undergoing a nerve-sparing approach can maintain a valid erec- 
tion with or without the use of PDE5-Is. Reasons for such poor results are certainly 
multiple, none of them being identified as a single risk factor. First, the degree of 
pre-operative erectile dysfunction, which has been reported in up to 70% of patients 
after previous RT [25, 34, 35]. Secondly, due to radiation-induced changes, altering 
blood supply and increasing surgical complexity [34]. Indeed, considering that 
recurrent PCa often manifests itself as a locally advanced and potentially life- 
threatening disease, the poor results expected from nerve-sparing salvage surgery 
should always be balanced against the oncological risk of the procedure. 
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Fig. 2.5 Bladder neck (after partial section) with marked fibrotic involution 


2.8 Future Directions 


A key to improve SRP outcomes in the near future will necessarily be a more accu- 
rate selection of patients. Many Authors, including the EAU board for the Guidelines 
on PCa, now recommend the stratification of BCR patients according to life expec- 
tancy, oncological risk and comorbidities. The EAU Criteria, often overlooked in 
contemporary series, should become a widespread tool to improve the selection of 
SRP candidates. 

Furthermore, better pre-operative staging should be routinely offered to BCR 
patients to identify as accurately as possible those affected by systemic disease. 
Targeting SRP on localized prostate cancer patients will likely reduce non-curative 
treatments, thus avoiding unnecessary complications and functional side effects. In 
this respect, the implementation of PSMA-PET/CT in the routine staging of BCR 
will probably help clinicians pursue this objective. 

Technological progress and the extensive use of the robotic-assisted, mini- 
mally invasive surgery may also contribute to further improvement of oncological 
and functional outcomes of SRP. More and more attention will be devoted to 
continence preservation, possibly aiming to reach the same continence rates as 
those of standard RPs. Increased centralization of these procedures may also help 
improve outcomes. 
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2.9 Conclusions 


SRP is a technically challenging but underused procedure which provides a poten- 
tially curative therapeutic alternative to androgen deprivation therapy for radio- 
recurrent prostate cancer. Historically, SRP was linked to poor oncological and 
functional outcomes. However, promising short- to mid-term cancer control rates, 
together with a substantial reduction of intra- and post-operative complications 
are emerging from recent studies. Accurate patient selection through standardized 
criteria, new imaging modalities and SRP centralization within high-volume, ter- 
tiary referral centres are important factors that may contribute to further 
improve SRP. 
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3.1 Current Position of Salvage Radical Prostatectomy 


According to the literature, approximately 50% of patients treated with first-line 
radiotherapy have biochemical recurrence at 10 years and it has been reported that 
up to 60% of patients will experience local recurrence [1]. Local salvage therapies 
can be discussed such as salvage radical prostatectomy (SRP), salvage cryotherapy, 
interstitial brachytherapy and high-intensity focused ultrasound (HIFU). In 90% of 
cases, physicians prefer to manage their patients with androgen deprivation therapy 
and only 3% of patients are treated with SRP [2, 3]. However, a place for local 
therapy should be considered instead of hormone therapy, which is not a curative 
option but just delays progression. Moreover, the use of medical castration also 
exposes patients to significant systemic side effects. 

SRP is associated with very good local disease control, with acceptable long- 
term oncological results (Table 3.1). In a systematic review of the literature, Chade 
et al. showed that SRP was associated with 10-year cancer-specific survival (CSS) 
rates ranging from 70 to 83% [4]. Nevertheless, it should be noted that salvage sur- 
gery after local treatment is challenging for urologists and is associated with higher 
morbidity and poorer oncological and functional outcomes than primary prostatec- 
tomy [11, 12]. As suggested by recent studies, the contribution of robotics could 
reduce morbidity and this type of surgery must now be considered as a therapeutic 
option for selected cases [13, 14]. The goal is to review safety and cancer control 
based on this approach. 
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Table 3.1 Comparative oncological outcomes of salvage therapeutics options 


5-year 
Reference Year oN BCR-FS BCR-FS 
SRP Chade et al. [4] 2012 | Review (40 47-82% 
Pisters et al. [5] | 2009 | studies) 61% 
42 
SCAP Pisters et al. [6] | 2008 | 279 54.5 +4.9% 
Pisters et al. [5] | 2009 | 56 21% 
S-Brachytherapy | Yamada et al. 2014 | 42 69% 
[7] 2013 | 52 51% 
Chen et al. [8] 
S-HIFU Berge et al. [9] 2011 | 61 61% (9 months) 
Uchida et al. 2011 | 22 59% 
[10] (24 months) 


SRP, salvage radical prostatectomy; SCAP, salvage cryoablation of the prostate; S-Brachytherapy, 
salvage brachytherapy; S-HIFU, salvage high-intensity focused ultrasound; BCR-FS, biochemical 
recurrence-free survival 


3.2 Indication and Preoperative Assessment 
3.2.1. Indication 


SRP is indicated for patients with localized prostate cancer in situations of bio- 
chemical recurrence (BCR) after initial treatment and with the following features 
[4, 15]: 


e BCR based on the Phoenix definition (PSA >2 ng/mL above the nadir) 
¢ Low comorbidity 

e A life expectancy of at least 10 years 

e A pre-SRP PSA <10 ng/mL and biopsy Gleason score <7 

e No pre-SRP lymph node involvement 

e Initial clinical staging of T1 or T2 

e Proven local recurrence based on prostate biopsies 


Compliance with these EAU guidelines is associated with better postoperative 
oncological results [16]. 
3.2.2 Preoperative Assessment 


It is mandatory to prove local recurrence and to exclude distant metastases. 
For this reason, the following should be performed: 


e Clinical examination with DRE 
e Prostate MRI 
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e PET-scan with [18F]-choline tracer or [68Ga]-PSMA* 
e Prostate biopsy (MRI targeted biopsy; MRI shows a target) 


*If PSA is >10 ng/mL or if there are PSA kinetics (PSA-DT <6 months, PSA 
velocity >0.5 ng/mL/month), it is possible to perform a bone scan and/or abdomino- 
pelvic CT scan only [6]. 


3.3. Surgical Technique: Contribution of Robotics 
3.3.1 Patient Positioning and Surgical Approach 


The surgical technique is similar to that used for a non-treated cancer prostate and 
can be performed by robotic surgery. The technique of salvage robot-assisted radi- 
cal prostatectomy with transperitoneal or preperitoneal approach using the Da 
Vinci® robotic system is described below. 

The patient is placed in dorsal decubitus with a 20—30° Trendelenburg position, 
the arms parallel to the body. The robot can be placed between the patient’s legs or 
on the patient’s right side with an angle of 45° to the patient (side docking). 

The positioning of the trocars is similar to that in primary prostatectomy; six 
trocars are usually used. 

SRP is described after radiotherapy or brachytherapy. It should be noted that a 
recent study reports little difficulty in dissection after HIFU but with worse onco- 
logical and functional outcomes than primary prostatectomy [11]. 


3.3.2 Lymph Node Dissection / Risk of Oedema 


A recent review of the literature reports that lymph node dissection is performed in 
approximately 80% of SRP cases [13]. The procedure of lymphadenectomy is simi- 
lar that in primary prostatectomy: excision of common iliac, external iliac, intern 
iliac and obturator nodes. The distal limit of the dissection is the femoral canal and 
the proximal limit is the ureteral crossing. 

It is important to achieve good lymphostasis using metal clips in this context. A 
recent systematic review of the literature, which included salvage lymph node dis- 
section after local treatment, shows that the most common complications are lym- 
phorrhoea and symptomatic lymphoceles requiring drainage [17]. Lymphoedema is 
also a dreaded complication. 


3.3.3 Endopelvic Fascia Dissection 


Once the bladder is liberated and Retzius’ space is exposed, the endopelvic fascia is 
opened. Opening is started at the base of the prostate because this zone is generally 
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less vascularized and the plan of dissection is easier to find. Dissection is then con- 
tinued, progressing towards the apex outside the pubo-prostatic ligaments. Due to 
previous radiotherapy, the tissues are often fibrotic and dissection of the sides can 
be more difficult. A positive point is that due to radiotherapy, vascularization is not 
important and so blood loss is usually low. 

It is important to note that the levator ani muscle fibres are sometimes white and 
very adherent at this site and do not release with the simple pressure of the pneumo- 
peritoneum and pressure of the scissors. It is sometimes necessary to make careful 
sections with cold scissors towards the pelvic muscles and away from the prostatic 
capsule to decrease the risk of positive margins. Do not insist too much on apex dis- 
section at this stage to limit bleeding. Dissection of the apex will be more easily 
completed after release of the posterior face. 


3.3.4 Posterior Dissection of the Prostate 


Posterior dissection of the prostate is the major difficulty of the procedure. After 
opening the bladder neck and seminal vesicle dissection, the fourth arm and the 
assistant hold the seminal vesicles and vas deferens to expose the posterior plane. 

In the case of SRP, the tissues can be very fibrous. Dissection begins with the 
opening of the Denonvilliers’ fascia, which appears pearly white between the pros- 
tate capsule and rectum. Progression to the apex is then performed using cold scis- 
sors, carefully severing all fibrous adhesions with the scissor tip pointing upwards. 

The absence of perirectal fat justifies careful dissection to avoid rectal injury. 
Coagulation must be precise and preferably performed using bipolar energy. 

If there is any suspicion of rectal injury, it is possible to perform [18]: 


e A DRE before the anastomosis with direct laparoscopic control by the surgeon. 

e An air test: a rectal probe inserted into the rectum allows air to be injected using 
a syringe. The pelvic cavity is filled with saline by the surgeon. The presence of 
air bubbles confirms the presence of a rectal wound. 

e A transillumination test: to look for thinning of the rectal wall, the light of the 
robot is turned off and a sigmoidoscope is introduced into the rectum. The sur- 
geon looks for areas of transillumination that indicate a thinning of the rec- 
tal wall. 


Some authors recommend starting prostatectomy by liberating the vesiculo- 
deferential bloc and the posterior face of the prostate, which may help the prostate 
retract upwards and decrease the risk of rectal injury [19]. This practice is not well 
known and maybe more difficult in our opinion. 

At the end of this stage, the prostate is held in place by the neurovascular bundles 
and the lateral prostatic pedicles. These structures are generally difficult to individu- 
alize and usually correspond to fibrous tissue in this context. In the case of pre- 
served preoperative erections and favourable intraoperative findings, uni- or bilateral 
nerve-sparing may be considered [20]. This is rare in practice and since the func- 
tional outcome is uncertain, this should not compromise the oncological outcomes. 
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3.3.5 Apical Dissection 


Dissection of the prostatic apex is continued by fully mobilizing the prostate on 
each side to complete its release from the levator ani. If possible, a first section of 
the dorsal venous complex is performed in order to completely liberate the apex of 
the muscle fibres, then a haemostatic suture is performed. As a primary prostatec- 
tomy, it is important to keep the urethra long enough to facilitate anastomosis and 
improve continence. 

Note that a history of brachytherapy can increase tissue adhesion due to the 
placement of radioactive seeds at this site. As for lateral face dissection, release can 
be difficult and it is often necessary to perform cold scissor sections. Kaffenberger 
et al. showed a positive surgical margin rate of 25%, and in 80% of cases, positive 
margins were located at the apex [14]. 

Finally, the urethra is sectioned at the prostatic apex with cold scissors. 


3.3.6 Vesicourethral Anastomosis 


Posterior reconstruction of the Denonvilliers’ musculofascial plate (Rocco stitch) is 
recommended before anastomosis to facilitate anastomosis and potentially improve 
urinary continence. A conventional vesicourethral anastomosis is then achieved 
using two V-lock surjets starting at 6 o’clock and moving upwards laterally. Because 
of the difficulty of dissection, a << racket tail >> anterior is achieved in order to 
reconstruct the bladder neck. This can be done using the wire used for anastomosis. 

Once the anastomosis has been performed, it is recommended that the anastomo- 
Sis Wire 1s passed through the periosteum of the pubis in order to improve postopera- 
tive continence. 

The urinary catheter is usually left in place for 7-14 days postoperatively depend- 
ing on the local aspect and any difficulties in anastomosis or not. 


3.4 Results 
3.4.1 Perioperative Outcomes—Intraoperative Data 


3.4.1.1 Blood Loss and Operative Time 

In a large systematic review of the literature, mean surgical time was 230 minutes 
for robot-assisted surgery and 215 minutes for open surgery. Blood loss was lower 
with the robotic approach (mean of 220 mL) compared to the open approach (mean 
of 715 mL) [13]. 


3.4.1.2 Rectal Injury 

As shown in Table 3.2, there are few reports of rectal injury in patients undergoing 
robotic surgery. In a recent review of the literature, the authors showed a risk of 
rectal wounds of 0.48% (1/209). In this series, the rectal wound required a transitory 
colostomy [13]. 
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Table 3.2 Intraoperative rectal injury and recto-bladder fistula in selected salvage robot-assisted 
radical prostatectomy series 


Recto-bladder 
Rectal injury, n (%) | Colostomy (n) | fistula (7) 


Reference Year N (intraoperative) (intraoperative) | (long-term) 
Gontero et al. [13] 2019 | 209 | 1 (0.48) 1 3 
Clery et al. [21] 2019 | 55 |1(1.8) 0 0 
Bonet et al. [20] 2018 | 80 (0 0 0 
Bates et al. [12] 2015 | 53 |0 0 0 
Yuh et al. [19] 2014 | 51 (0 0 1 
Kaffenberger et al. [14] | 2013 | 34 | 1(2.9) 1 0 


Kaffenberger et al. found a rate of rectal wounds of 2.9% (1/34) requiring a tem- 
porary colostomy, but this was a T4 tumour (8). 

In the older series of open SRP, the authors reported a risk of rectal injury rang- 
ing from 2 to 15% (15). Gontero et al. recently reported a rate of 2.96% (5/186) by 
open SRP. In this series, there were two intraoperative sutures and two temporary 
colostomies by open procedure [13]. 


3.4.1.3 Recto-bladder Fistula 
As shown in Table 3.2, recent studies report low rates of postoperative recto-bladder 
fistula. 

According to Gontero et al., 1.4% (3/209) of patients had a recto-bladder fistula 
and all occurred with 90 days post surgery [13]. For Yuh et al., a recto-urethral fis- 
tula occurred in one patient (2%) and was managed by perineal reconstruction. 

Mandel et al. found that 5.5% (3/55) of patients developed recto-bladder fistula 
post open SRP. All patients were initially treated with a temporary colostomy and 
urinary catheterization for 3 months. This approach failed and required a transab- 
dominal approach using an omental flap. For two of the three patients, this was 
insufficient and a urinary diversion was necessary [16]. 


3.4.2 Perioperative Outcomes-Postoperative Data 


3.4.2.1 Anastomotic Leakage 
According to a recent study, anastomotic leakage is one of the most frequent com- 
plications after salvage robot-assisted radical prostatectomy (19% vs. 9% by open 
surgery). Median time to clinical presentation was 18 days (IQR: 6-54) [13]. 
In the study of Bates et al., all anastomotic leaks resolved within 6 weeks [12]. 
As mentioned above, it is recommended that the urinary catheter is left in situ for 
7-14 days. Please see Table 3.3 for anastomotic leakage rates. 


3.4.2.2 Anastomotic Stricture 

Recent data show a risk of anastomotic stricture of 8% (17/209) after the robotic 
procedure versus 17% (32/186) after open surgery, with a statistically significant 
difference [13]. Yuh et al. reported an anastomotic stricture rate of 16% (8/51) (19). 
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Table 3.3 Anastomotic leakage in selected salvage robot-assisted radical prostatectomy series 


Reference Year N Anastomotic leakage, n (%) 
Gontero et al. [13] 2019 209 40 (19) 
Bonet et al. [20] 2018 80 24 (30) 
Bates et al. [12] 2015 53 18 (34) 
Yuh et al. [19] 2014 51 9 (18) 
Kaffenberger et al. [14] 2013 34 5 (15) 


Table 3.4 Postoperative complications in selected salvage robot-assisted radical prostatec- 
tomy series 


Number of patients Clavien >III 


Reference Year N n (%) 

Gontero et al. [13] 2019 209 17 (8.1) 
Clery et al. [21] 2019 55 2 (2.3) 
Bonet et al. [20] 2018 80 0 
Bates et al. [12] 2015 53 0 
Yuh et al. [19] 2014 51 18 (35) 
Kaffenberger et al. [14] 2013 34 1 (3) 


Older series of open SRP report a risk of anastomotic stenosis ranging from 11 to 
41% [15]. In our experience, 7% (4/55) of patients had anastomotic stenosis [21]. 


3.4.2.3 Postoperative Complications 
3.6% (2/55) of patients had to be re-operated for urethral stenosis (Clavien III). 
Median stay in hospital was 4 days and median urinary catheterization time was 
7 days [21] (Please see Table 3.4). 

Bonet et al. reported that only 5% (4/80) of patients had minor complications 
(Clavien I or II), consisting of one urinary tract infection and three lymphoceles [20]. 

Bates et al. cited only one patient who had a pulmonary embolism (Clavien I) [12]. 

In the series of Yuh et al., 16% (8/51) of patients classified as Clavien III had 
bladder neck contracture requiring re-intervention. This high rate of major compli- 
cations also includes other urological complications (urosepsis, ureteric injury, uri- 
nary retention, haematuria, foreign body at the bladder neck, meatal stricture). 
Furthermore, the authors described some digestive complications, which were less 
common (one rectourethral fistula, Ileus, repair small bowel enterotomy, incisional 
hernia) [19]. It is important to note that this significant complication rate 1s lower in 
other more recent studies. 

In the series of Kaffenberger et al., one patient underwent re-intervention for 
rectal injury (Clavien III) and one patient had a pulmonary embolism (Clavien 
II) [14]. 


3.5 Oncological Outcomes 


The most robust data are based on the older series of patients undergoing open 
surgery. 
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In a large literature review, Chade et al. showed that SRP was associated with 
5- and 10-year biochemical recurrence-free survival (BCR-FS) rates ranging from 
47 to 82% and 28 to 53%, respectively. The 10-year CSS rates ranged from 70 to 
83% [4]. 

Paparel et al. estimated a BCR-FS rate of 54% at 5 years (among 146 
patients) [22]. 

As shown in Table 3.5, few oncological outcomes in patients undergoing robot- 
assisted surgery are reported in recent studies. However, the few available data seem 
to confirm these initial conclusions. 


3.6 Functional Outcomes 
3.6.1 Postoperative Continence 


A recent review of the literature showed acceptable preservation of continence in 
the postoperative period. Two-thirds (65%) of preoperative continent patients under- 
going robotic surgery remained continent after surgery, compared to 45% of patients 
undergoing open surgery at 1 year. The robotic approach was significantly superior 
to the open approach for the preservation of continence in this study [13]. 

In the study of Bates et al., 77% of patients were urinary continent at 3 years 
versus only 55% at 1 year. These results show that the recovery period may be long 
(Table 3.6 for postoperative continence outcomes). 


Table 3.5 Oncological outcomes in selected salvage robot-assisted radical prostatectomy series 


2-year 3-year 5-year 5-year 
Reference Year N BCR-FS | BCR-FS BCR-FS CSS 
Clery et al. [21] 2019 a0 87% NA 55% 80% 
Bonet et al. [20] 2018 80 NA 69% NA NA 
Bates et al. [12] 2015 53 NA 67% NA NA 
Yuh et al. [19] 2014 oI NA 57% NA 100% 
Kaffenberger et al. [14] 2013 34 NA NA NA NA 


Table 3.6 Postoperative continence in selected salvage robot-assisted radical prostatectomy series 


Urinary continence at | year 
(O-1 pad/day) 


Reference Year N n (%) 

Gontero et al. [13] 2019 209 121 (58) 
Clery et al. [21] 2019 55 28 (50) 
Bonet et al. [20] 2018 80 62 (78) 
Bates et al. [12] 2015 53 29 (55) 
Yuh et al. [19] 2014 51 23 (41) 


Kaffenberger et al. [14] 2013 34 12 (39) 
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3.6.2 Postoperative Erectile Dysfunction 


Data on post-SRP erectile dysfunction are sparse and difficult to evaluate. A recent 
literature review revealed that nerve-sparing is achieved in approximately 20% of 
salvage robot-assisted radical prostatectomy procedures (mostly bilateral) [13]. 

In a recent study, Bonnet et al. showed that >50% preservation of neurovascular 
bundles maintains sufficient erections in 25% of patients at 1 year. Conversely, pres- 
ervation of <50% of neurovascular bundles preserves erections in only 5% of 
patients at 1 year (20). This study also reported no difference in BCR-FS at 
36 months and no difference in the percentage of positive margins between the poor 
nerve-sparing group (<50%) and the good nerve-sparing group (>50%). 

These results vary slightly from those reported in the literature and in particular 
those of Gontero et al. who found that spontaneous erections and/or PDE-5 assisted 
erections were maintained in only 11.5% of men (3/26) treated with a nerve-sparing 
procedure. According to these authors, only 8.1% of men had preserved spontane- 
ous and/or PDE-5 assisted erections at 12 months after SRP [13]. 


3.7 Conclusion 


SRP appears to be technically feasible and offers good oncological results. The 
contribution of robotics in this indication appears to reduce morbidity and improve 
functional results. The results of several studies confirm the benefits of salvage 
robot-assisted radical prostatectomy and these findings must, therefore, be taken 
into account by urologists in order to refer their patients for this surgical option. 
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4.1 Rising Prostate-Specific Antigen (PSA) 
after Prostatectomy 


Biochemical recurrence (BR) after radical prostatectomy (RP) is defined as a rise in 
PSA level > 0.2 ng/mL with a second confirmatory level > 0.2 ng/mL [1]. Whilst a 
rising PSA level universally precedes metastatic progression, the natural history of 
PSA-only recurrence may be prolonged, and a measurable PSA may not necessarily 
lead to clinically apparent metastatic disease. The recurrence of prostate cancer 
(PCa) after surgery is thought to result from residual subclinical disease in the oper- 
ative site, local tumour recurrence, or from occult metastatic disease. The risk of 
recurrence increases with adverse pathology such as positive surgical margins 
(PSM), seminal vesicle invasion (SVI), extraprostatic extension (EPE) and higher 
Gleason scores. For men with clinically localised prostate cancer, radical prostatec- 
tomy provides overall biochemical control rates of 82% to 75% after 5 to 15 years, 
respectively. However, with high-risk factors, the figures may fall as low as 60% to 
40% within 5 to 10 years [2]. 
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4.2 Persistent PSA after Prostatectomy 


Between 5 and 20% of men continue to have detectable or persistent PSA after RP, 
this is defined in the majority of studies as detectable post-RP PSA >0.1 ng/mL 
within 4 to 8 weeks of surgery as a result of persistent local disease, pre-existing 
metastases or residual benign prostate tissue [3]. 


4.3 Incidence of Recurrence 


The 2019 National Prostate Cancer Audit for England and Wales [4] documented 
42,975 men diagnosed with PCa from April 2016 to March 2017, of whom 6462 
underwent radical prostatectomy. National data for recurrence after prostatectomy 
has not been published; however, it has been shown that one-third of patients will 
present with recurrent disease within 10 years post-RP [1]. 


4.4 Risk Stratification in Patients with Post-Prostatectomy 
Recurrence or PSA Persistence 


4.4.1 Post-Prostatectomy Recurrence 


The PSA level that defines treatment failure depends on the primary treatment. After 
RP, the threshold that best predicts further metastases 1s a PSA >0.4 ng/mL and ris- 
ing [5, 6]. Once diagnosed, it is important to determine whether the site of recur- 
rence 1s local or distant. In a meta-analysis Van den Broeck et al. [7] concluded that 
patients experiencing BR are at an increased risk of developing distant metastases, 
PCa-specific and overall mortality which may be predicted by the initial clinical and 
pathologic factors (e.g. T-category, PSA, ISUP grade) and PSA kinetics (doubling 
time and interval to PSA failure). However, the effect size of BR as a risk factor for 
mortality is highly variable. After primary RP, its impact ranges from a hazard ratio 
(HR) of 1.03 (95% CI: 1.004—1.06) to 2.32 (95% CI: 1.45-3.71) [8, 9]. 

Van den Broeck et al. [7] addressed two questions. Firstly, to investigate whether 
oncological outcomes differ between patients with or without BR. Secondly, to 
study which clinical factors and tumour characteristics in patients with BR have an 
independent prognostic impact on oncological outcomes. As a result, BR was asso- 
ciated with worse survival rates, mainly in patients with short PSA doubling time 
and a high final Gleason score. BR has an impact on survival, but this effect appears 
to be limited to a subgroup of patients with specific clinical risk factors. 

For patients with BR after RP, the following outcomes were found to be associ- 
ated with significant prognostic factors: 


e Distant metastatic recurrence: positive surgical margins, high RP specimen path- 
ological ISUP grade, high pT category, short PSA-DT, high pre-salvage RT PSA. 
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e Prostate-cancer-specific mortality: high RP specimen pathological ISUP grade, 
Short interval to biochemical failure, short PSA-DT. 

e Overall mortality: high RP specimen pathological ISUP grade, short interval to 
biochemical failure, high PSA-DT. 


Based on the meta-analysis, van den Broeck et al. proposed to stratify radical 
prostatectomy patients into: 


1. Low-Risk BR PSA-DT > 1 year AND pathological ISUP grade < 4. 
2. High-Risk BR PSA-DT < I year OR pathological ISUP grade 4—5. 


4.4.2 Persistently Elevated PSA after Prostatectomy 


Several studies have shown that persistent PSA after RP is associated with more 
advanced disease (such as positive surgical margins (PSM), pathologic stage > T3a, 
positive nodal status and/or pathologic ISUP grade > 3) and poor prognosis. Most 
studies use a > 0.1 ng/mL cut-off to define PSA persistence but improvements in 
assay sensitivity now allow for its detection at much lower levels. Moreira et al. [10, 
11] showed that PSA persistence above 0.03 ng/mL within 6 months post-RP was 
associated with an increased risk of BR and overall mortality. One and five-year 
BR-free survival were 68% and 36% compared to 95% and 72% in men with and 
without PSA persistence, respectively. Ten-year OS in patients with and without 
PSA persistence was 63% and 80%, respectively. Predictors of PSA persistence 
were higher body mass index (BMI), higher pre-operative PSA and ISUP grade > 3. 
Ploussard et al. [12] reported that approximately 74% of patients with persistent 
PSA develop BR. Spratt et al. [13] showed in a multivariable analysis that the pres- 
ence of a persistently detectable PSA post-RP was associated with a fourfold 
increase in the risk of developing metastasis. This was confirmed in Preisser et al. 
[14], in multivariable Cox regression analysis, persistent PSA represented an inde- 
pendent predictor for metastasis (HR: 3.59, p < 0.001), death (HR: 1.86, p < 0.001) 
and cancer-specific death (HR: 3.15, p < 0.001). 
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5.1 Research Methods 


A systematic review relating to salvage therapy for prostate cancer was conducted. 
This was to identify the role of predictors of recurrence in salvage therapy. The 
search strategy aimed to identify all references related to Salvage HIFU AND post- 
radiotherapy failure AND prostate cancer. Search terms used were as follows: 
(Salvage therapy) AND (prostate cancer) AND (Recurrence Predictors). The fol- 
lowing databases were screened from 1989 to May 2020: 


e CINAHL. 

e MEDLINE (NHS Evidence). 
e Cochrane. 

e AMed. 

e EMBASE. 

e PsychINFO. 

e SCOPUS. 

e Web of Science. 


S. S. Goonewardene (>) 
Southend University Hospital NHS Foundation Trust, Southend, UK 


R. Persad 
North Bristol NHS Foundation Trust, Bristol, UK 
e-mail: rajpersad @ bristolurology.com 


D. Albala 
Department of Urology, Crouse Hospital, Syracuse, NY, USA 
e-mail: dalbala@ ampofny.com 


D. Cahill 
The Royal Marsden London, London, UK 


© The Editor(s) (if applicable) and The Author(s), under exclusive license to 51 
Springer Nature Switzerland AG 2021 

S. S. Goonewardene et al. (eds.), Salvage Therapy for Prostate Cancer, 
https://doi.org/10.1007/978-3-030-57181-8_5 


52 S. S. Goonewardene et al. 


In addition, searches using Medical Subject Headings (MeSH) and keywords 
were conducted using Cochrane databases. Two UK-based experts in bladder can- 
cer were consulted to identify any additional studies. 

Studies were eligible for inclusion if they reported primary research focusing on 
Salvage therapy and predictors of recurrence. Papers were included if published 
after 1984 and had to be in English. Studies that did not conform to this were 
excluded. Only primary research was included (Fig. 5.1). The overall aim was to 
identify predictors of recurrence in salvage therapy for prostate cancer. 

Abstracts were independently screened for eligibility by two reviewers and dis- 
agreements resolved through discussion or third-party opinion. Agreement level 
was calculated using Cohen’s Kappa to test the intercoder reliability of this screen- 
ing process(15). Cohens’ Kappa allows comparison of inter-rater reliability between 
papers using the relative observed agreement. This also takes account of the com- 
parison occurring by chance. The first reviewer agreed all 36 papers to be included, 
the second, agreed on 36. Cohen’s kappa was therefore 1.0. 

Data extraction was piloted by the researcher and amended in consultation with 
the research team (author and two academic supervisors). Data collected included 
authors, year and country of publication, study aims, setting, intervention aims, 
number of participants, study design, intervention components and delivery meth- 
ods, comparison groups and outcome measures, notes and follow-up questions for 
the authors. Studies were quality assessed using the PRISMA criteria for ran- 
domised controlled trials, Mays et al. [1, 2] for the action research and qualitative 
studies and the Critical Skills Appraisal programme for cohort studies. This was 
also applied to randomized controlled trials and qualitative studies. 

The search identified 212 papers (Fig. 5.1). All 36 out of 212 mapped to the 
search terms and eligibility criteria. The current systematic reviews were examined 
to gain further knowledge about the subject. One hundred and seventy-six papers 
were excluded due to not conforming to eligibility criteria or adding to the evi- 
dence. Of the 36 papers left, relevant abstracts were identified and the full papers 
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Fig. 5.1 Flow chart of studies identified through the systematic review (adapted from 
(16) PRISMA) 
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obtained (all of which were in English), to quality assure against search criteria. 
There was considerable heterogeneity of design among the included studies; there- 
fore, a narrative review of the evidence was undertaken. There was significant het- 
erogeneity within studies, including clinical topic, numbers, outcomes, and as a 
result, a narrative review was thought to be best. There were 35 cohort studies, with 
a moderate level of evidence, and one trial with a good level of evidence. These 
were from a range of countries with minimal loss to follow-up. All participants 
were identified appropriately. 


5.2 Systematic Review Results 
5.2.1. Predictors of Response Post Salvage Whole Gland HIFU 


Dason described predictors of disease response after salvage whole gland HIFU 
from a prospective cohort [3]. Six pre-specified predictors of improved recurrence- 
free survival (RFS) (TRUS biopsy grade, number of study entry TRUS biopsy cores 
positive, palpable disease at study enrolment, pre-HIFU PSA, an undetectable post- 
HIFU PSA nadir, and receipt of prior hormone therapy) [3]. Of the six pre-specified 
predictors, an undetectable PSA nadir was the only significant predictor of improved 
RFS (HR 0.07, 95% CI 0.02—0.29, log-rank P < 0.001) [3]. One participant under- 
went an intervention for a urethral stricture. No participants developed osteitis pubis 
or rectourethral fistulae [3]. 

Chen identified predictive factors of recurrence in HIFU treatment for localized 
prostate cancer [4]. Postoperative PSA nadir of 0.43 ng/mL is an important predic- 
tive factor, and the nadir-related prediction model could indicate early salvage treat- 
ment [4]. Gleason score > 7, stage >T2b might be associated with unfavourable 
outcomes [4]. Prostate volume and higher initial prostate-specific antigen appear 
not to be associated with biochemical recurrence for the high-intensity focused 
ultrasound treatment [4]. 

Siddiqui assessed the oncologic, functional and safety outcomes of salvage high- 
intensity focused ultrasound for radiorecurrent prostate cancer [5]. Nadir prostate- 
specific antigen less than 0.5 ng/ml was a significant predictor of biochemical 
recurrence-free survival (p = 0.014, 95% CI 1.22—5.87). 

Ripert determined oncological outcomes after high-intensity focused ultrasonog- 
raphy (HIFU) [6]. In multivariate analysis, a PSA nadir of >1 ng/mL was signifi- 
cantly associated with a risk of biochemical and oncological failure (P = 0.002 and 
P < 0.001). Oncological failure was not associated with any risk group. 


5.3. Predictors of Recurrence after Salvage Radiotherapy 
for Prostate Cancer 


Chang assessed post-salvage radiotherapy prostate-specific antigen for biochemical 
failure after salvage radiotherapy in recurrent prostate cancer after prostatectomy 
[7]. In the multivariate analysis, a prostate-specific antigen value over 0.2 ng/mL at 
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post-salvage radiotherapy 4 months (P = 0.013) and prostate-specific antigen per- 
cent decline >0.45 (P = 0.002) were both significant parameters predicting clinical 
recurrence-free survival [7]. (Otherwise, prostate-specific antigen percent decline 
>0.45 was the only statistically significant predictor of biochemical failure-free sur- 
vival biochemical failure-free survival after salvage radiotherapy) [7]. 

Brooks (2005) assessed salvage radiotherapy (SRT) and predictors of biochemi- 
cal progression-free survival (bPFS) and distant metastasis-free survival in clini- 
cally localized disease recurrence after radical prostatectomy [8]. Multivariate 
analysis demonstrated an association of increasing Gleason score, lymphovascular 
invasion and lack of a complete response to SRT with decreased 5-year biochemical 
disease-free survival (bDFS) [8]. This resulted in significantly less 5-year distant 
metastasis-free survival [8]. Pre-RT prostate-specific antigen greater than 2.0 ng/ml 
was associated with significantly decreased 5-year bDFS and distant metastasis-free 
survival [8]. 

Kabarriti evaluated prognosis with (PSA) decline during salvage radiation ther- 
apy (SRT) after prostatectomy (Kabarriti, 2014). On bivariate analysis, PSA 
response and positive surgical margins were significantly associated with a 
decreased risk of biochemical recurrence (BR), with hazard ratios of 0.160 (95% 
CI, 0.059-0.431, P < 0.001) and 0.396 (95% CI, 0.168—0.935, P = 0.035) (Kabarriti, 
2014). On multivariate analysis, PSA response during SRT and positive surgical 
margin were independent, favourable predictors for BR, with hazard ratios of 0.171 
(95% CI, 0.063-0.463, P < 0.001) and 0.411 (95% CI, 0.177—0.956, P = 0.039) 
(Kabarriti, 2014). The 5-year biochemical control rate for PSA responders was 
81%, compared with 37% for nonresponders (P < 0.001) (Kabarriti, 2014). 

Sharma determines whether multiparametric pelvic magnetic resonance imaging 
(mpMRI) for biochemical recurrence after RP improves the prognosis of sXRT 
compared to the Stephenson nomogram [9]. For a pre-sXRT PSA of <0.5 ng/ml, 
negative mpMRI was associated with increased PSA recurrence (39% vs 12%, 
p < 0.01) and metastasis (16% vs 2%, p < 0.01) at 4 years after sXRT [9]. With a 
PSA of <0.5 ng/ml, the addition of mpMRI to the propensity score improved the 
c-statistic from 0.71 to 0.77 for PSA recurrence (hazard ratio [HR] 3.60, p < 0.01) 
and from 0.66 to 0.77 for metastasis (HR 6.68, p < 0.01) [9]. 

Kinoshita evaluated parameters that influence salvage radiotherapy outcomes 
(Kinoshita, 2013). Significant parameters predicting biochemical progression were 
prostatectomy Gleason score > 8 (hazard ratio 0.08; 95% confidence interval 
0.03—0.22; P = 0.001), PSA nadir after radical prostatectomy >0.04 ng/mL (hazard 
ratio 0.30; 95% confidence interval 0.13—0.69; P = 0.005) and negative surgical 
margin (hazard ratio 0.28; 95% confidence interval 0.12—0.70; P = 0.006) (Kinoshita, 
2013). When grouped by these risk factors, the 5-year progression-free survival 
rates were 77.8%, 50.0% and 6.7% in O, 1 and > 2 predictors, respectively 
(Kinoshita, 2013). 

Gheiler (1998) reviewed factors predicting disease-free survival in salvage sur- 
gery for radio-recurrent prostate cancer [10]. Pre-radiation clinical stage and patho- 
logically organ-confined disease were statistically significant predictors of 
disease-free survival (P = 0.03 and P = 0.02, respectively) [10]. Seminal vesicle 
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invasion and positive lymph nodes were the worst pathologic prognostic factors 
[10]. Preoperative clinical Tlc disease was close to significant in predicting patho- 
logically organ-confined disease and disease-free survival (P = 0.08 and P = 0.07, 
respectively) [10]. 

Moreira (2010) examined predictors of secondary treatment for recurrent pros- 
tate cancer after radical prostatectomy (RP) from the Shared Equal Access Regional 
Cancer Hospital (SEARCH) database (Moreira, 2010). In multivariate analysis, a 
more recent year of recurrence, shorter disease-free interval, and pathological high- 
grade disease (Gleason 8-10) predicted increased risk of salvage treatment (all 
P < 0.01) (Moreira, 2010). Predictors of salvage radiotherapy were shorter disease- 
free interval, centre, and more recent year of BCR (all P < 0.001) (Moreira, 2010). 
Predictors of specifically receiving hormonal therapy were shorter disease-free 
interval, more recent year of BCR, centre, high Gleason score, and higher tumour 
stage (all P < 0.05) (Moreira, 2010). In a subset analysis of men with available 
prostate-specific antigen doubling time (PSADT) data, shorter PSADT predicted 
receipt of any salvage treatment as well as radiation and hormonal therapy sepa- 
rately (Moreira, 2010). 

Leventis (2001) reviewed factors predictive of local recurrence in salvage radia- 
tion therapy after radical prostatectomy [11]. Multivariate analysis demonstrated 
prebiopsy prostate-specific antigen (PSA) level, post-recurrence PSA doubling 
time, and positive digital rectal examination (DRE) of the prostatic fossa were sig- 
nificant predictors of a positive biopsy [11]. The overall actuarial 3- and 5-year PSA 
relapse-free rates were 43% and 24%, respectively [11]. Univariate analysis showed 
no differences in the PSA relapse-free probabilities associated with pathologic fea- 
tures of the RP specimen, biopsy confirmation of local recurrence, or DRE of the 
prostatic fossa [11]. In multivariate analysis, controlling for all other variables, pre- 
radiation PSA and post-recurrence PSA doubling time measured before radiation 
were the only statistically significant predictors of outcome [11]. 

Peyromaure determined predictive factors of PSA recurrence after salvage radio- 
therapy (RT) for biochemical recurrence following radical prostatectomy (RP) [12]. 
Twenty-three patients (37.1%) experienced PSA recurrence after RT. Using univari- 
ate analysis, predictive factors were: the length of follow-up after RT (P < 0.0001), 
PSA nadir after RP (P = 0.0004), time to PSA recurrence after RP (P = 0.003), pre- 
RP PSA level (P = 0.008), Gleason score (P = 0.011), and pre-RT PSA level 
(P = 0.028) [12]. Using multivariate analysis, the Gleason score (P = 0.015) and 
length of follow-up after RT (P = 0.02) were predictive of PSA recurrence after 
RT. Gleason score > 7 was a significant predictor of PSA recurrence (P = 0.04) [12]. 

Goenka (2012) reviewed salvage high-dose radiotherapy (RT) postprostatec- 
tomy to identify clinical and pathologic predictors of outcomes [13]. Independent 
predictors of biochemical recurrence were vascular invasion (p < 0.01), negative 
surgical margins (p < 0.01), presalvage PSA level > 0.4 ng/mL (p < 0.01), androgen- 
deprivation therapy (p = 0.03), Gleason score > 7 (p = 0.02), and seminal vesicle 
involvement (p = 0.05) [13]. Salvage RT dose >70 Gy was not associated with 
improvement in biochemical control. A doubling time < 3 months was an indepen- 
dent predictor of metastatic disease (p < 0.01) [13]. SRT dose >70 Gy in preventing 
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clinical local failure in radiographically visible local disease was beneficial (7 years: 
90% vs. 79.1%, p = 0.07) [13]. 

Neuhof (2007) determined prognostic factors related to PSA outcome after sal- 
vage RT [14]. Univariate analysis showed following statistically significant predic- 
tors of PSA recurrence after RT: preoperative PSA level (p = 0.035), pathologic 
tumour classification (p = 0.001), Gleason score (p < 0.001), tumour grading 
(p = 0.004), and pre-RT PSA level (p = 0.031) [14]. On multivariate analysis, only 
Gleason score (p = 0.047) and pre-RT PSA level (p = 0.049) were independently 
predictive of PSA recurrence [14]. 

Ward conducted a retrospective cohort study with SRT [15]. Multivariate analy- 
sis revealed pre-SRT PSADT (less than 12 months, H.R. 3.88, p = 0.032), seminal 
vesicle invasion (H.R. 3.22, p = 0.008), pathological grade (H.R. 1.58, p = 0.023) 
and PSA at SRT (H.R. 1.29 for a twofold increase, p = 0.044) were significant inde- 
pendent predictors of clinical recurrence [15]. 

Quero (2009) examined the efficacy of salvage radiotherapy (RT), in terms of 
biochemical disease-free survival (bDFS). According to univariate analysis, pre-RT 
PSA > or = 1 ng/ml and seminal vesicle involvement were associated with bio- 
chemical relapse [16]. Multivariate analysis revealed pre-RT PSA > or = | ng/ml as 
an independent predictor of biochemical relapse for the two definitions [16]. 

Garg (1998) evaluated the relationship between the postprostatectomy 
prostate-specific antigen (PSA) nadir and salvage radiotherapy outcomes [17]. 
Among patients having an undetectable or detectable postoperative PSA, 78% 
and 68% were free of disease, respectively, at the last follow-up [17]. The best 
predictor of a favourable outcome is a low (2 ng/mL or less) PSA level at the time 
of radiation [17]. 

Blana compared the specificity and sensitivity biochemical failure definitions to 
identify predictors clinical failure after HIFU (Blanca, 2009). Clinical failure 
occurred in 71 patients (25%); 24 due to a positive biopsy and 47 through the use of 
an additional therapy. Biochemical events that best predicted clinical failure were 
‘PSA nadir plus’ values of 1.1—1.3 ng/mL, PSA velocities of <0.3 ng/mL/year and 
PSA doubling times of 1.25—1.75 years (Blana, 2009). 


5.4‘ Predictors of Recurrence after Salvage Brachytherapy 


Henriquez (2014) evaluated efficacy after salvage brachytherapy (BT) in local 
recurrence after primary radiation therapy (Henriquez 2014). On univariate analy- 
sis, pre-salvage prostate-specific antigen (PSA) > 10 ng/ml (p = 0.004), interval to 
relapse after initial treatment <24 months (p = 0.004) and salvage HDR-BT doses 
BED (2 Gy) level < 227 Gy (p = 0.012) were significant in predicting biochemical 
failure (Henriquez 2014) (Henriquez 2014). On Cox multivariate analysis, pre- 
salvage PSA, and time to relapse were significant in predicting biochemical failure. 
HDR-BT BED (2 Gy) (a/B8 1.5 Gy) levels >227 (p = 0.013), and ADT (p = 0.049) 
were significant in predicting grade > 2 urinary toxicity (Henriquez 2014). 
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5.5 The Role of Imaging in Predicting Recurrence in Salvage 
Therapy for Prostate Cancer 


Bianchi [18] performed a validation of anomogram to predict positive **Ga-PSMA-11 
PET/CT in biochemical recurrence (BCR) after radical prostatectomy (RP). At mul- 
tivariate analysis, PSA at °Ga-PSMA-11 PET/CT (OR: 7.06, p < 0.001) and ongo- 
ing ADT at time of °Ga-PSMA-11 PET/CT (OR: 2.07, p = 0.03) were the 
independent predictors of PET/CT positivity (Haas, 2016). The predictive accuracy 
of the nomogram was suboptimal. The best nomogram’s cut-off to predict positive 
6&§\Ga-PSMA-11 PET/CT was 35% (AUC = 0.61) (Haas, 2016). In DCA, the nomo- 
gram revealed clinical net benefit when the threshold probabilities of positive 
&§Ga-PSMA-11 PET/CT is >35% (Haas, 2016). 


5.6 Predictors of Recurrence for Salvage 
Radical Prostatectomy 


Gugliemetti (2016) assessed the role of number of positive lymph node on outcome 
after SRP and for radio-recurrent disease ({19] (36)). Removal of three or more 
positive lymph nodes demonstrated a positive association with metastatic disease 
(AR 3.44; 95% CI: 0.91-13.05; P = 0.069), as compared to one or two positive 
nodes [19]. The presence of extraprostatic extension, seminal vesicle invasion, and 
Gleason grade > 7 also demonstrated a positive association with higher risk of 
metastasis, with hazard ratios of 3.97 (95% CI: 0.50, 31.4; P = 0.2), 3.72 (95% CI: 
0.80-17.26; P= 0.1), and 1.45 (95% CI, 0.44—4.76; P = 0.5), respectively [19]. 

Cheng identified predictors of survival in salvage radical prostatectomy [20]. 
Actuarial distant metastasis-free survival, cancer-specific survival, and overall sur- 
vival were 83%, 91%, and 85% at 5 years and 69%, 64%, and 54% at 10 years, 
respectively [20]. In multivariate analysis, radical prostatectomy Gleason score and 
DNA ploidy were independent predictors of distant metastasis-free survival and 
cancer-specific survival [20]. 

Sofer (2003) assessed predictors of recurrence post radical prostatectomy. 
Univariate analyses revealed a statistically significant increased risk of recurrence 
in patients with PSA greater than 10 ng/ml (p < 0.0001), capsular invasion (p = 0.01), 
and age (p = 0.036) [21]. When adjusting for potential covariates, Cox proportional 
regression analysis indicated that higher PSA (hazard ratio 7.33, 95% CI 2.57 to 
20.95), larger tumour volume (hazard ratio 5.64, 95% CI 1.97 to 16.19), and higher 
age (hazard ratio 1.13, 95% CI 1.04 to 1.22) were significantly associated with 
shorter time to recurrence [21]. 

Pearce examined perioperative and pathologic outcomes of SRP in a national 
cohort. The National Cancer Database from 1998 to 2011 was used to identify 408 
patients who underwent SRP [22]. On multivariable analysis of the entire cohort, 
PSA level > 20 ng/ml was an independent predictor of PSM (OR = 3.68, 95% CI: 
1.2-10.9, P = 0.018) [22]. PSA level > 20 ng/ml (OR = 4.37, 95% CI: 1.2-16.2, 
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P = 0.027) and cT2 or greater disease (OR = 2.52, 95% CI: 1.0-6.2, P = 0.046) were 
associated with prolonged LOS (LOS > 3d), whereas surgery at an academic facil- 
ity (OR = 0.30, 95% CI: 0.1—0.8, P = 0.02) reduced the odds of LOS > 3 days [22]. 

Malik (2011) reviewed ultrasensitive PSA measured at 3 year. following RP is a 
predictor of subsequent BCR [23]. The 7-year cumulative BCR-free survival rate 
for groups | and 2 was 0.957 (95% confidence interval [CI], 0.920—0.978) and 
0.654 (95% CI, 0.318—0.855), respectively [23]. In multivariable Cox proportional 
hazards models, ultrasensitive PSA level at 3 years remained the only significant 
predictor of delayed BCR (likelihood ratio y(2) for full model: 27.03; df = 1; 
p < 0.001) [23]. This demonstrates ultrasensitive PSA at 3 year following RP pro- 
vides useful insights into delayed BCR [23]. 

Tollefson (2007) assessed the risk of local recurrence, systemic progression, 
and death in biochemical relapse after radical retropubic prostatectomy with risk 
stratification using prostate-specific antigen (PSA) doubling time (DT) [24]. Of the 
1064, 322 (30%) had a PSA-DT of less than | year, 357 (34%) had a PSA-DT of 1 
to 9.9 years, and 385 (36%) had a PSA-DT of 10 years or more [24]. A PSA-DT of 
10 years or more were less likely to have a higher preoperative PSA level, Gleason 
score, advanced pathologic stage, and seminal vesicle invasion [24]. They were 
also at low risk of local recurrence (hazard ratio [HR], 0.09; 95% confidence inter- 
val [CI], 0.06—0.14; compared to a PSA-DT of <1 year), systemic progression 
(HR, 0.05; 95% CI, 0.02—-0.13), or death from cancer (HR, 0.15; 95% CI, 
0.05-0.43) [24]. 


5.7. _ Predictors of Recurrence for Salvage Cryosurgery 


Salvage cryosurgery (SC) 1s a recognized option for recurrence after primary radia- 
tion or cryosurgery [25]. Wenske reported outcomes of SC [25]. In univariate analy- 
ses, time from primary treatment to SC or recurrence, PSA level before SC, and 
PSA nadir after SC were all significant predictors of recurrence (p < 0.01) [25]. 
PSA before SC and time to recurrence were also predictive of DSS (p = 0.003 and 
p = 0.01, respectively) [25]. In multivariate analyses, only PSA nadir after SC was 
predictive of recurrence and DSS (p < 0.001 and p = 0.012, respectively) [25]. 
Complications were rare (range: 0.6-4.6%) [25]. Twenty-seven patients (49%) 
experienced recurrence. Respective 5- and 10-year DFS was 47% and 42%; OS: 
87% and 81%; and DSS: 100% and 83% [25]. 

De La Taille (2000) assessed predictive factors for prostate-specific antigen 
(PSA) recurrence [26]. Complications included incontinence (9%), obstruction 
(5%), urethral stricture (5%), rectal pain (26%), urinary infection (9%), scrotal 
oedema (12%), and haematuria (5%) [26]. The biochemical recurrence-free sur- 
vival (bRES) rate was 79% at 6 months and 66% at 12 months. The bRES rate was 
higher with an undetectable postcryotherapy PSA than cases where the PSA was 
less than 0. 1 ng/mL (73% versus 30%, P = 0.0076) [26]. Using multivariate analy- 
sis, a PSA nadir greater than 0.1 ng/mL was an independent predictor of PSA recur- 
rence [26]. 
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Izawa identified variables related to failure after salvage cryotherapy after pri- 
mary external beam radiotherapy [27]. Biopsies were positive in 23 cases (21%) 
after salvage cryotherapy [27]. Variables associated with a positive biopsy on uni- 
variate analysis were initial stage, precryotherapy PSA, PSA nadir after cryother- 
apy, number of cryoprobes, number of freeze-thaw cycles and a history of 
chemotherapy (p = 0.005, 0.027, 0.001, 0.009, 0.018, and 0.008, respectively) [27]. 
Variables that were associated with a positive biopsy on multivariate analysis were 
the number of probes (44) used and post-cryotherapy PSA nadir (p = 0.013 and 
0.019, respectively) [27]. 

Pisters (1999) identified early treatment failure after salvage cryotherapy [28]. 
Among prior radiation therapy only, the 2-year actuarial disease-free survival (DFS) 
rates were 74% with a precryotherapy PSA less than 10 ng/mL and 28% with a 
precryotherapy PSA more than 10 ng/mL, (p < 0.00001) [28]. The DFS rates were 
58% with a Gleason score of less than or equal to 8 recurrences and 29% with a 
Gleason score greater than or equal to 9 recurrences, P < 0.004 [28]. With a precryo- 
therapy PSA less than 10 ng/mL, DFS rates were 74% for patients with a prior his- 
tory of radiation therapy only and 19% with a history of prior hormonal therapy plus 
radiation therapy, P < 0.002 [28]. 


5.8 Predictors of Recurrence in Salvage Hormone Therapy 


Myadin assessed the survival benefit of early versus late salvage hormonal therapy 
(HT) (Myadin, 2013). There were three groups based on the timing of salvage HT: 
57 patients had a prostate-specific antigen (PSA) <10 ng/mL and absent distant 
metastases (group 1, early), 21 patients had PSA >10 ng/mL and absent distant 
metastases (group 2, late), and 24 patients had distant metastases (group 3, late) 
(Myadin, 2013). The OS1 differed significantly between groups (P < 0.0005): OS1 
at 10 years was 78% in group 1, 42% in group 2, and 29% in group 3 (Myadin, 2013). 
The OS2 also differed significantly between groups (P < 0.0005): OS2 at 6 years was 
70% in group 1, 47% in group 2, and 22% in group 3 (Myadin, 2013). Group | had 
the longest median time from the end of RT to biochemical failure compared with 
groups 2 and 3 (3.3, 0.9, and 1.7 years, respectively; P < 0.0005) (Myadin, 2013). 
Group | also had the longest median PSA doubling time compared with groups 2 and 
3 (9.9, 3.6, and 2.4 months, respectively; P < 0.0005) (Myadin, 2013). On multivari- 
ate analysis, the timing of salvage HT, time from the end of RT to biochemical fail- 
ure, and PSA nadir on salvage HT were significant predictors of survival 
(Myadin, 2013). 

Chade (2011) identified predictors of biochemical recurrence (BCR), metastasis, 
and death following SRP [29]. On preoperative multivariable analysis, pre-SRP 
PSA and Gleason score at postradiation prostate biopsy predicted BCR (p = 0.022; 
global p < 0.001) and metastasis (p = 0.022; global p < 0.001) [29]. On postopera- 
tive multivariable analysis, pre-SRP PSA and pathologic Gleason score at SRP pre- 
dicted BCR (p = 0.014; global p < 0.001) and metastasis (p < 0.001; global 
p < 0.001) [29]. 


60 S. S. Goonewardene et al. 


Gorin examined salvage radical prostatectomy for patients who failed primary 
treatment of prostate cancer with radiation therapy [30]. On multivariate analysis, 
extracapsular extension was the only significant predictor of biochemical recur- 
rence (HR 6.9, 95% CI 1.9—25.3 p = 0.003) [30]. 

Tenenholz (2007) determined whether early initiation of androgen ablation in 
biochemically recurrent prostate cancer, but without clinically evident metastases, 
is associated with improved overall or disease-specific survival [31]. Multivariate 
analysis indicated that PSA doubling time at hormone initiation was the most con- 
sistent predictor of outcome [31]. The 5-year overall survival was 78% if androgen 
ablation was initiated at doubling time < or = 7 months and 93% when initiated at 
doubling time > 7 months [31]. Mean survival improved from 84.9 +/— 4.6 (dou- 
bling time < or = 7) to 115.3 +/— 8.4 months (doubling time > 7) [31]. Survival for 
patients started on hormones with doubling time < 5 months was similar to that of 
patients with clinical metastases [31]. 

Porter (2007) hypothesized that prostate cancer-specific survival (PCaSS) could 
be accurately predicted after failed radical prostatectomy (RP) and who received 
hormonal therapy (HT) after RP failure [32]. Younger men and those with HT initi- 
ated at the time of distant recurrence had lower PCaSS (Por(49)ter, 2007). A nomo- 
gram predicting PCaSS at 2, 3, 4, and 5 yr. after RP was developed and demonstrated 
66% accuracy after 200-bootstrap internal validation [32]. 


5.9 Systematic Reviews Related to Search Terms 


Success rates with salvage radiotherapy (SRT) in men who have a postprostatec- 
tomy biochemical relapse are suboptimal [33]. One treatment-intensification strat- 
egy includes elective irradiation of the pelvic lymph nodes with whole pelvis 
radiotherapy (WPRT) ([{33] (50)). WPRT was not independently associated with 
biochemical progression-free survival in the multivariate model (adjusted HR, 0.79; 
P = 0.20) [33]. Neither low-risk patients nor high-risk patients (defined a priori by a 
preoperative PSA level > 20 ng/mL, a pathologic Gleason score between 8 and 10, 
or pathologic T3 tumour classification) benefited from WPRT [33]. Overall survival 
was similar between treatment groups. When restricting the analysis to patients with 
pre-SRT PSA levels >0.4 ng/mL (n = 139), WPRT was independently associated 
with a 53% reduction in the risk of biochemical progression (adjusted HR, 0.47; 
P = 0.031) [33]. 


5.10 Conclusion 
This systematic review demonstrates that there are a variety of predictors of 


recurrence that can be used to assess outcomes from salvage therapy in pros- 
tate cancer. 
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6.1 Introduction 


In the western world, prostate cancer (PCa) follows lung cancer as the second most 
common cause of cancer related mortality among male patients [1]. Even though 
radical prostatectomy (RP) and radiation therapy (RT) are still considered to be the 
standard of care for those with localized disease, the advent of new technologies has 
made it possible for certain patients to be offered focal treatment options utilizing 
laser technology, microwave ablation, high-intensity focused ultrasound (HIFU) or 
cryotherapy [2, 3]. Unfortunately, despite decisive steps towards earlier diagnosis 
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and management, there are several studies reporting that the rate of recurrence after 
treatment with curative intent ranges between 20 and 35% [4-6]. 

The first critical step to be taken when biochemical recurrence (BCR) is diagnosed 
remains the differentiation between local recurrence and metastatic disease. Despite 
the fact that prostate-specific membrane antigen positron-emission tomography 
(PSMA-PET) has been continuously gaining attention due to its superiority over com- 
puted tomography (CT) [7-11] and both (11)C-choline and (18)F-fluoromethylcholine 
PET [12-16] in the proper staging of nodal and bone metastatic disease, we should 
have in mind that PSMA-PET/CT lacks the appropriate resolution to detect subtle 
locoregional changes such as extracapsular growth and seminal vesicle invasion [9]. 
This gap in the diagnostic approach could be probably filled by multiparametric MRI 
(mpMRI) which combines morphological and functional information [17], thus pro- 
viding precious data for visualization of local recurrence. 


6.2  Multiparametric MRI after Radical Prostatectomy 


Following RP, almost half of the high risk and one-tenth of the low-risk patients will 
develop BCR within 15 years [18], which is defined as at least two consecutive 
values of PSA above 0.2 ng/ml (EAU Guidelines, Prostate Cancer [19]). There are 
factors such as detectable levels of PSA at least 12 months after surgery, PSA dou- 
bling time (PS Adt) greater than 6 months, PSA velocity (PSAve) lower than 0.75 ng/ 
mL/year, Gleason score <7 and absence of nodal or seminal vesicle (SV) invasion, 
which point towards the presence of local recurrence instead of distal metastatic 
disease [20]. Nevertheless, we should always have in mind that the absence of sig- 
nificantly high PSA levels cannot rule out systemic metastases [20]. 

If local recurrence seems to be more likely, mpMRI is considered to be ideal for 
the meticulous evaluation of the postsurgical bed, since it 1s reported to have more 
than 83% sensitivity and more than 89% specificity in identifying a recurrence in 
the post-RP setting [21-23]. In a cohort of 84 patients with a history of RP, 
Panebianco et al. showed that mpMRI has both higher sensitivity (92% vs 62%) and 
higher specificity (75% vs 50%) than PET/CT in detecting local relapses [24]. The 
functional aspects of mpMRI allow for the necessary differentiation among cancer, 
residual normal tissue, fibrosis and granulation tissue ([25]) while enabling identifi- 
cation of recurrences even with PSA levels ranging between 0.2 and 0.5 ng/ml [26]. 

Local recurrences following RP are more often found adjacent to the vesicoure- 
thral anastomosis (VUA) [27] and appear to be nodular in morphology with increased 
signal on T2W imaging when compared to surrounding pelvic muscles [28]. Other 
common sites of recurrence are the anterolateral surgical margins, the resection site of 
the vas deferens, the space between the rectum and the bladder, as well as the SVs if 
left behind [29-31]. The same lesions are readily enhancing in the arterial phase with 
a rapid venous washout on dynamic contrast-enhanced imaging (DCEI) [29]. 
Moreover, if diffusion-weighted imaging (DWI) is not compromised by the presence 
of surgical clips, we should expect local recurrence appearing with high signal on high 
b-value imaging and low signal on the apparent diffusion coefficient (ADC) map [31]. 
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Among the mpMRI sequences, DCEI 1s repeatedly reported as being the most 
valuable in the post-RP setting. So far, there are studies claiming a significant 
increase of both sensitivity and specificity when DCEI is combined with T2W 
imaging [22, 32], while a meta-analysis conducted by Wu et al. [33] showed both 
higher specificity (95%) and sensitivity (85%) for the DCEI when compared to 
T2W in diagnosing a post-RP relapse. In 2015, Kitajama et al. reported that by add- 
ing DCEI to T2W or to T2W + DWI setting, significantly higher detection rates 
were achieved [34]. A larger study by Panebianco et al. showed that the combina- 
tion of T2W with DCEI yields high sensitivity, specificity and accuracy rates (98%, 
94% and 93% respectively) [21]. Finally, there is no true consensus on the real value 
of DWI, since there are studies reporting T2W + DWI sensitivity as low as 46% 
[35], while others support that when DWI can be used along with T2W imaging, it 
can produce comparable results with the T2W + DCEI combination (93% sensitiv- 
ity, 89% specificity and 88% accuracy) [21]. 


6.3 Multiparametric MRI after Radiotherapy 


At the moment, radiotherapy is the second most popular approach with curative 
intent for stages I-III prostate cancer, given to up to 25% of patients younger than 
65 years old and up to 40% of patients above this age [36]. Radiotherapy is offered 
either as external beam radiation therapy (EBRT) or in the form of brachytherapy. 
The lowest PSA value (PSA nadir) is usually achieved within 18 months post-RT 
but in several cases, it may take up to 3 years [37-39]. Moreover, we should always 
have in mind that some of the patients may have a PSA bounce between 9 and 21 
months, lasting for several months before decreasing to a nadir [39-42]. 

What we define BCR after primary RT is a PSA rise of at least 2.0 ng/mL above the 
post-radiotherapy nadir [43]. In the case of local recurrence, it most often occurs at the 
same site as the primary tumour [44] and if salvage therapy is not undertaken early, 
patients will have a median time of approximately 3 years until they develop distant 
metastasis [45]. As our ability to clinically predict local versus distant recurrence is 
imperfect, imaging plays a crucial role in the initial evaluation after establishing BCR. 


6.4 Multiparametric MRI after External Beam Radiotherapy 


Using mpMRI in order to perform an accurate staging in patients who have already 
received EBRT is generally considered to be a far more complex task than the pre- 
treatment staging [46]. Most of the studies to date use a Likert scale for local staging 
since PI-RADS scoring can be only used in the setting of primary tumour assess- 
ment [47]. 

After EBRT, the entire gland and the seminal vesicles SVs appear with decreased 
size and diffusely decreased signal on T2WI, while the central, the peripheral and 
transition zones are really hard to distinguish from one another [47]. Moreover, 
T2W imaging alone is generally considered as having limited diagnostic accuracy 
since both a recurrent tumour and the surrounding parenchyma appear as 
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hypointense [48]. This is also supported by Sala et al. [49], who found that the sen- 
sitivity of T2W ranges between 36 and 75% and specificity ranges between 65 and 
81% when examining individuals with BCR in the post-ERBT setting. 

A meta-analysis by Wu et al. reported that DCE imaging had higher sensitivity 
(90%) and specificity (81%) than T2WI for diagnosing a local recurrence after EBRT 
(35). This could possibly be attributed to the ability of DCE to recognize the recur- 
rence as a hypervascular early enhancing nodule that is in sharp contrast to the sur- 
rounding normal tissues [50]. In a subsequent study including patients who received 
radiotherapy, Roy et al. showed that the combination of T2WI with DCEI and DWI 
had a sensitivity of 100% in detecting recurrent disease, with DCEI and DWI per- 
forming significantly better than T2W imaging when assessed independently [51]. 
Similarly, Haider et al. compared DCE with T2W imaging and found a significantly 
higher sensitivity, positive predictive value and negative predictive value, always in 
favour of DCEI (72% vs 38%,49% vs 24% and 95% vs 88%, respectively) [52]. 
Finally, Kim et al. concluded that both functional sequences of mpMRI (namely DWI 
and DCE) are really important for detecting a possible recurrence [53]. According to 
them, the combination of DWI + DCEI achieved a notably higher AUC (86%) than 
T2W, DCEI and DWI alone, with their results being statistically significant (p < 0.05). 


6.5 Multi-parametric MRI after Brachytherapy 


Technical improvements over the last decades have resulted in an increased use of 
brachytherapy for the treatment of prostate cancer [54]. Nowadays, approximately 
30% of PCa patients are expected to undergo low dose rate (LDR) brachytherapy 
[55, 56], which has been found to be superior even to EBRT in certain patients groups 
[57, 58]. Interestingly enough, a percentage of those patients ranging between 30% 
and 60% will experience a PSA bounce 12—24 months after the onset of therapy, 
which typically lasts for 12 months with the PSA levels usually not exceeding | ng/ 
ml [50]. Moreover, we should have in mind that up to 13% of the patients are expected 
to be diagnosed with biochemical recurrence sometime in the future [59-61]. 

Brachytherapy can be distinguished into a low dose rate (LDR) and high dose 
rate (HDR), with the first being the gold standard for many years and the second 
enabling a flexible dosimetry by modulation of the source dwell position and time 
[62]. Both LDR and HDR cause a diffuse hypointensity and loss of zonal anatomy 
on T2W imaging, thus limiting the usefulness of morphologic MRI sequences in the 
detection of a post-treatment local recurrence [63]. The use of diffusion-weighted 
imaging (DWI) is also problematic after LDR brachytherapy, since metallic implants 
unavoidably cause artefacts and distortion of the final image. This is why DCE is 
considered to be the ideal mpMRI sequence for detecting a local recurrence, which 
will be seen as an area with rapid enhancement and early washout [50, 64]. In 2017, 
a study published by Valle et al. supported the feasibility and efficacy of mpMRI in 
detecting local recurrences in individuals recetving LDR brachytherapy, with a con- 
sensus sensitivity at 88,2% and a positive predictive value at 62% [65]. 

On the other hand, DWI showed high sensitivity in detecting local relapses after 
HDR brachytherapy, because the absence of retained metallica material 
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exponentially reduce the artefacts [66]. Finally, in a group of patients undergoing 
HDR brachytherapy, the consensus sensitivity for detecting a recurrence was found 
to be equal to 77% while the PPV was equal to 68% [67]. 


6.6 Multiparametric MRI after Focal Therapy 


Having in mind the significant negative effects that both RP and RT may have on 
patients’ quality of life, one could easily understand why emerging minimally 
invasive focal therapeutic practices are steadily gaining in popularity both in pri- 
mary and in salvage treatment settings [68]. Focal therapeutic methods include 
laser ablation, high-intensity focused ultrasound (HIFU), cryoablation, electropor- 
ation and photodynamic therapy. The aforementioned techniques can be applied to 
a portion of the entire prostate gland and are typically associated with significantly 
less pain and more rapid recovery when compared to surgical approach [69, 70]. 
The most common recognizable post-treatment changes include atrophy of the 
treated area, loss of normal zonal anatomy, foci with low signal in T2W imaging, 
lower perfusion on DCE, lower signal on DWI, extensive periprostatic fibrosis and 
in the case of cryoablation, a low-intensity rim surrounding the ablation zone on 
T2W imaging [25, 71, 72]. Although so far we have not established official criteria 
for the diagnosis of BCR following focal therapies, some medical centres consider 
a PSA value of | ng/ml as a cutoff [50, 73]. Following cryoablation, up to 40% of 
the patients are expected to experience BCR up to 10 years after treatment [73, 74], 
while according to Mearini et al. [75], in a post-HIFU group 59% of the interme- 
diate-risk and 30% of the low-risk patients were diagnosed with BCR within 6 
years post-treatment. 

The appearance of a local recurrence on mpMRI after all treatments shares com- 
mon signal properties with the primary disease, thus underscoring the crucial role of 
the functional sequences in differentiating recurrent disease from normal post- 
treatment changes [71]. Interestingly, despite the scarcity of data, there is evidence 
suggesting that DCEI has higher sensitivity but lower specificity than DWI and 
T2W in predicting tumour progression in the post-HIFU setting [76]. Moreover, 
according to Rosset et al., the size of the dominant lesion on MRI along with factors 
like the pre-HIFU PSA level were found to be strong predictors of future recurrence 
[77]. However, there is still a lot of work to be done and a lot of studies to be pub- 
lished before being able to establish protocols that would incorporate MRI in the 
regular follow-up schedule of patients undergoing focal treatments. 
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The role of imaging in the setting of early recurrent PCa is to demonstrate the locali- 
sation of the relapse. This may be local in the treated prostatic area, regional in 
lymph nodes, or distant metastasis. The detection rates depend on the level of the 
PSA at the time of imaging. Computed tomography (CT) and bone scan (BS) are 
traditionally used but are not sufficiently sensitive to localise recurrence at low PSA 
values. Multiparametric magnetic resonance imaging (mp-MRI) is a valuable imag- 
ing modality for the detection of local recurrence and is often combined with posi- 
tron emission tomography-computed tomography (PETI-CT) for the assessment of 
distant disease. Newer techniques such as whole-body MRI, PET-MRI, or PET-CT 
with prostate-specific membrane antigen (PSMA)-directed tracers, allow for an all- 
in-one approach, even at very low recurrent PSA values. However, imaging should 
be performed only if the outcome influences subsequent treatment decisions. 


7.1 Rising PSA—PSA Recurrence 
7.1.1 Assessment of Local Recurrences 


The sensitivity of vesicourethral anastomotic biopsies is low, especially for PSA 
levels <1 ng/mL, thus salvage radiotherapy (SRT) is usually decided on the basis 
of BR without histological proof of local recurrence, preferably when the PSA 
level is below 0.5 ng/ml [1]. The dose delivered to the prostatic fossa tends to be 
uniform since it has not been demonstrated that a focal dose escalation at the site 
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of recurrence improves the outcome. Thus, most patients undergo SRT without 
local imaging. 

Multiparametric magnetic resonance imaging can detect local recurrences in the 
prostatic bed, but its sensitivity in patients with a PSA level< 0.5 ng/mL remains 
controversial. Choline PET-CT is less sensitive than mp-MRI when the PSA level is 
<1 ng/mL. Prostate-specific membrane antigen PET-CT 1s positive in 15-58% of 
patients with BR and PSA levels <0.5 ng/mL; however, published series are difficult 
to interpret due to including patients with a history of RP and RT. 


7.2 Persistent PSA Post Radical Prostatectomy 


7.2.1. Imaging in Patients with Persistently Elevated PSA after 
Radical Prostatectomy 


Standard imaging with bone scan and MRI has a low detection rate for men with a 
PSA below 2 ng/mL. PSMA PET-CT has been shown to identify residual cancer in 
15-58%, 25-73%, 69-100%, and 71—100% of men with post-RP PSA ranges of 
0.2—0.5 ng/mL, 0.5—1 ng/mL, 1—2 ng/mL, and > 2 ng/mL, respectively, which can 
guide salvage radiation therapy (SRT) planning (51-53). Schmidt-Hegemann et al. 
studied 129 patients who had either persistent PSA (52%) or BR (48%) after RP [2]. 
Menn with a persistent PSA had significantly more pelvic nodal involvement on 
PSMA PET-CT than those developing a detectable PSA. 

Patients with metastatic disease may benefit from the use of systemic treatments 
other than hormones, particularly after a recent randomised trial showed survival 
benefit in both chemotherapy and novel antiandrogen agents in a hormone naive 
metastatic setting [3]. The use of stereotactic radiotherapy has also impacted the 
management of oligometastatic patients although a benefit on survival is still unclear 
[4]. At present, there is uncertainty regarding the best treatment if PSMA PET-CT 
shows metastatic disease. 


7.2.2 Choline PET-CT 


In two separate meta-analyses by Evangelista and Fanti [5, 6], the combined sensi- 
tivities and specificities of choline PET-CT for all sites of recurrence in patients 
with BR were 86-89% and 89-93%, respectively. Choline PET-CT may detect mul- 
tiple bone metastases in patients showing a single metastasis on bone scan and may 
be positive for bone metastases in up to 15% of patients with BR after RP and a 
negative bone scan. The specificity of choline PET-CT was also shown to be higher 
than bone scan with fewer false-positives and indeterminate findings [7]. Detection 
of LN metastases using choline PET-CT remains limited by the relatively poor sen- 
sitivity of the technique which is strongly dependent on PSA level and kinetics. In 
patients with BR after RP, PET-CT detection rates are only 5—24% when the PSA 
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level is <1 ng/mL but rises to 67—100% when the PSA level is >5 ng/mL [8]. Despite 
its limitations, choline PET-CT may change medical management in 18-48% of 
patients with BR after primary treatment but should only be recommended in 
patients are fit enough for curative loco-regional salvage treatment. 


7.2.3 Fluciclovine PET-CT 


In a recent multicentre trial evaluating 596 patients with BR in a mixed population 
(33.3% after RP, 59.5% after RT + RP, 7.1% other), 18F-Fluciclovine PET-CT 
showed an overall detection rate of 67.7%, with a sensitivity of 62.7% (95% CI, 
56-69%); local lesions could be visualised (38.7%) as well as in lymph nodes and 
bones (9%) [9]. The sensitivity is dependent on the PSA level and likely inferior to 
50% at PSA <1 ng/mL. 


7.2.4 PSMA Pet-CT 


PSMA PET-CT has shown good potential in patients with BR, although most studies are 
limited by their retrospective design. Detection rates of 15-58%, 25-73%, and 69—-100%, 
71—100% have been reported for PSA ranges of 0.2—0.5 ng/mL, 0.5—1 ng/mL, 1—2 ng/ 
mL, and > 2 ng/mL, respectively [10]. PSMA PET-CT seems substantially more sensi- 
tive than choline PET-CT, especially for PSA levels <1 ng/mL. A higher PSA velocity 
appears to be associated with higher PSMA PET-CT-positivity rate [11, 12]. In a pro- 
spective multicentre study of 323 patients with BR, PSMA PET-CT changed the man- 
agement intent in 62% of patients as compared to conventional staging. This was due to 
a significant reduction in the number of men in whom the site of disease recurrence was 
unknown (77% vs. 19%, p < 0.001) and a significant increase in the number of men with 
metastatic disease (11% vs. 57%) [13]. The term “PSMA PET” refers to several differ- 
ent radiopharmaceuticals. The majority of published studies use 68Ga-PSMA-11 but 
18F-labelled PSMA is also available; this is more stable, making it easier to use albeit 
data regarding superiority of the latter are not conclusive. 
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8.1 Introduction 


Prostate cancer (PCa) is the second most frequent cancer in men with an estimated 
1276106 new cases in 2018 worldwide according to GLOBOCAN statistics in 2018 
[1]. In clinically localized PCa, despite radical treatment with curative intent, up to 
50% of patients experience disease recurrence within 10 years [2—5]. PCa recur- 
rence is usually suspected when there is a rise in serum prostate-specific antigen 
(PSA), although the definition of biochemical recurrence (BCR) depends on the 
primary treatment. BCR after radical prostatectomy is defined as two consecutive 
rising PSA value >0.2 ng/ml [6]. Following primary radiation therapy, BCR is 
defined according to the Phoenix criterion as an absolute increase in the PSA level 
of 2 ng/ml above the nadir [7, 8]. 

In the clinical scenario of BCR, the question remains if this is reflective of a local 
recurrence or if it rather represents metastatic disease, and to which extent and 
organ, as this will determine the planning of further treatment. It has been shown 
that early salvage radiotherapy at a very low serum PSA level, less than 0.5 ng/ml is 
significantly correlated to better treatment outcomes [9]. 

The conventional imaging recommended to detect PCa recurrence includes 
CT and bone scan. Nonetheless, these imaging modalities present a poor sensi- 
tivity at PSA values below 20 ng/ml, with a consequent minimal impact on treat- 
ment planning. 
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Bone scan (bone scintigraphy or NaF PET/CT) explores the increased osteoblas- 
tic activity seen in PCa bone metastases and allows an early detection, better than 
conventional radiological imaging. However, it has the disadvantage to be limited to 
the bone assessment and to have a low specificity, since a high radiopharmaceutical 
uptake can be observed in non-malignant skeletal alterations such as degenerative 
joint disease, traumatic lesion, inflammatory or infection conditions. Moreover, the 
rate of lesion detection decreased in low PSA levels with a probability of positive 
scan less than 5% for PSA levels <10 ng/ml [10, 11]. 

CT and MRI, with cross sectional imaging, use morphological characteristics 
for nodal staging such as size and shape (oval or round) of the node. The criteria 
used as indicators of metastatic node disease are a diameter, in short axis, greater 
than | cm for oval nodes and greater than 0.8 cm for round nodes [12]. With such 
morphologic criteria, CT presents a sensitivity of 42% and a specificity of 82% 
and MRI a sensitivity of 39% and a specificity of 82% [13] highlighting the lim- 
ited value of morphological exams in lymph node metastasis detection. However, 
MRI offers the possibility to evaluate other nodal characteristics such as the 
“Apparent Diffusion Coefficient” (ADC) calculated via diffusion-weighted imag- 
ing (DWI), which pictures the Brownian movements of water’s molecules. The 
combination of morphological criteria and DWI sequence on a 3T MRI demon- 
strates a specificity of 94% and a sensitivity of 41% for the detection of lymph 
node metastasis [14]. Multiparametric MRI (mpMRI) can perform well in the 
detection of local recurrences [15, 16] although it does not explore 
extra-pelvic sites. 

The use of PET/CT with radiolabeled choline in the setting of PCa was first 
reported in 1998 [17]. Choline is an essential component of cell membrane phos- 
pholipid, is naturally incorporated into tumour cells after phosphorylation by cho- 
line kinase that is upregulated in malignant cells such as PCa [18]. Choline PET 
imaging in BCR presents a sensitivity of 86-89% and a specificity of 89-93% [19, 
20]. An important point to highlight with choline PET assessment in BCR PCa is 
the relatively high PSA concentration needed to achieve good sensibility, whereas 
in recurrent patients we eager early detection for potential stereotactic treatment. 
Choline-PET/CT detection rates tend to be higher in patients with short PSA dou- 
bling time (<6 months) and PSA velocity >2 ng/mL/year [21]. In the Mitchell et al. 
study they found that the optimal PSA serum level for lesion detection in BCR cases 
was a value > 2 ng/ml [22]. Currently, the EAU recommends PET Choline imaging 
in the case of BCR if the PSA level is > 1 ng/ml [8]. 

According to these results, morphological imaging and PET Choline imaging 
present a lack of diagnostic accuracy at low PSA levels, thereby making them poor 
“suides” for targeted salvage therapy. 

Prostate-Specific Membrane Antigen (PSMA) targeting imaging has recently 
emerged and seems to be a highly sensitive image modality that detects site of 
recurrence at low PSA levels. The aim of this chapter is to give an overview of the 
role of PSMA imaging in the setting of PCa patients with recurrent disease, poten- 
tially eligible for salvage therapy. 
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8.2 Prostate-Specific Membrane Antigen (PSMA) Imaging 


PSMA is a transmembrane type II glycoprotein also called folate hydrolase I or 
glutamate carboxypeptidase II, which has a 19-amino-acid intracellular portion, a 
24-amino-acid transmembrane portion, and a 707-amino-acid extracellular portion 
[23]. PSMA is expressed by prostate cells and overexpressed in PCa cells. The first 
PSMA imaging agent used was ProstaScintTM, an 111Indium-labeled monoclonal 
antibody. The target of this antibody was an intracellular domain of PSMA, there- 
fore targeting only antigens accessible in apoptotic or necrotic cells (not viable tis- 
sue) where the membrane was permeable with limited sensitivity and specificity 
[24, 25]. Furthermore, the ProstascintlTM showed slow kinetics requiring imaging 
5—7 days after the injection. 

Recently, novel small molecules targeting the extracellular domain of PSMA 
have been developed such as: 


¢ Fluor-DCFBC: N-{N-[(S)-1,3-dicarboxypropyl]carbamoy] }-4-('%F) 
fluorobenzyl-L-cysteine. 

¢ &Gallium-HBED-CC (or %Ga-PSMA-11): Ga-N,N’-bis [2-hydroxy5- 
(carboxyethyl)benzyl] ethylenediamine-N,N’-diacetic acid. 

¢ 'Fluor-DCFPyL: 2-(3-(1-carboxy-5-[(6-['%F]fluoro-pyridine-3-carbonyl)- 
amino |-pentyl)-ureido)-pentanedioic acid. 

¢ %Gallium-PSMA I&T: EuK-Subkff-Ga-DOTAGA. 

¢ PSMA-617: (2-[3-(1-Carboxy-5-{3- naphthalen-2-yl-2-[(4-{[2-(4,7, 10-tris- 
carboxymethyl-1,4,7,10-  tetraaza- cyclododec-1-yl)-acetylamino]-methy]}- 
cyclohexanecarbonyl)-amino]-propionylamino }-pentyl)-ureido]-pentane- 
dioic acid). 

e 18F-PSMA-1007 


The most widely used and studied PSMA tracer is the °*Ga-PSMA-11 (HBED-CC). 
The tracer is uptaken in kidneys and urinary tract, in salivary glands, lacrimal 
glands, liver, spleen, in small and large bowels. It is internalized in the cell and a 
rapid clearance in healthy tissue is observed. One hour after the injection of the 
tracer, the PET imaging shows suspicious lesions with excellent contrast [26]. 
Multiple studies have reported intriguing results in the setting of BCR for PCa 
patients eligible for salvage therapy. 


8.3. Performance and Impact of PSMA Imaging 
in Recurrent PCa 


In PCa patients with BCR, Eiber et al. found detection rates of 96.8%, 93.0%, 
72.7%, and 57.9% for PSA values of >2, 1-2, 0.5—-1, and 0.2—0.5 ng/mL, respec- 
tively. They showed that the detection rate increases with PSA level, as well as with 
PSA velocity: detection rate of 81.8%, 82.4%, 92.1%, and 100% are reported for 
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values of <1, 1-2, 2—5, and >5 ng/mL/year, respectively [27]. Afshar-Oromieh et al. 
conducted a large retrospective study that included 1007 PCa patients with BCR 
after different primary and secondary treatment. The overall detection rate includ- 
ing all PSA levels was 79.5%. At multivariate analysis, the rate of detection corre- 
lated with PSA level and androgen deprivation therapy (ADT) [28] in fact, it is 
known that ADT increases PSMA expression of PCa cells [29]. 

In a study of Emmett et al., the authors evaluated the clinical impact of 
°3Ga-PSMA-11 in 164 men with BCR after radical prostatectomy, with a median 
PSA level at PSMA PET of 0.23 ng/ml and no use of ADT before imaging. They 
reported a 62% of rate detection in the BCR patients and when they stratified the 
cohort according to the PSA level, PSMA PET was positive in 50% of the patients 
with a PSA ranging between 0.01 and 0.19 ng/ml, and the rate of detection increased 
to 79% with a PSA of 0.5—1.0 ng/ml. Moreover, in such a study, PSMA imaging was 
the most predictive factor of the treatment response: the best responders were those 
with a negative PSMA PET or disease confined to the fossa whereas poor respond- 
ers had lymph nodes or distant PSMA positive lesions [30]. Therefore, a negative 
PET PSMA may correlate with less aggressive disease. 

Calais et al. evaluated the impact of PSMA imaging on salvage radiotherapy 
planning in 270 patients with BCR after radical prostatectomy and with a PSA level 
<1.0 ng/ml. The median PSA level was 0.44 ng/ml. One hundred and thirty-two 
patients (49%) have a positive PSMA PET and 52 of these positive scans (39%) had 
at least one lesion out of the conventional radiotherapy field. The detection rate was 
significantly higher in men with a Gleason score >7. PSMA imaging had an impact 
on the treatment, such as the extension of the field of radiotherapy to cover para- 
aortic lymph nodes, adding metastatic-directed therapy for an extra-pelvic lesion, 
exclusion of radiotherapy treatment in patients with poly-metastatic disease or vis- 
ceral lesion [31]. 

Boreta et al. [32] evaluated the location of recurrence in 125 PCa patients eligible 
for salvage radiotherapy. The median PSA at the time of imaging was 0.4 ng/ml. 
PSMA avid lesions were detected in 66/125 patients (53%). For 38/66 patients 
(58%), there was at least 1 lesion outside of the salvage radiotherapy field, including 
17 patients (26%) with metastatic bone lesions. In multivariate analysis, the detec- 
tion of PSMA-avid lesion outside of the standard radiotherapy field was correlated 
to the PSA level. 

Verburg et al. reported that PSA level and PSA doubling time (PSAdt) are inde- 
pendent factors associated with the positivity of PSMA PET/CT and extrapelvic 
metastasis. Furthermore, a shorter PSAdt was an independent predictive factor for 
bone metastasis [33]. 

Albisinni et al., in a retrospective study in recurrent PCa with a median PSA level 
of 2.2 ng/ml at the time of the exam, found an overall detection rate of 75% and 
PSMA imaging modified clinical management in 76% of patient, mainly delaying 
ADT [34]. 

Evidence for PSMA imaging in BCR after RT as a primary treatment is very low. 
Einspieler et al. published a retrospective study on 118 patients with BCR defined 
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by Phoenix criteria after external-beam radiotherapy or brachytherapy as primary 
treatment. The median PSA level was 6.4 ng/ml. The overall detection rate was 
90.7%, quite high probably due to the elevated median PSA level. The detection rate 
was positively associated with increasing PSA as well as concomitant ADT. Distant 
lesions were detected in 59.8% of the patients which suggests a potential impact on 
further clinical management [35]. 

Currently, there is an evolution in the treatment of oligometastatic PCa, as many 
clinicians are tending towards a metastasis directed therapy (MDT) [36-39]. In such 
an approach, PSMA imaging could allow a better selection of men with oligometa- 
static disease, identifying those that could benefit from treatment. 

It has been shown that there is an average of 2.6% loss of relapse control for each 
incremental of 0.1 ng/mL PSA [40]. As the PSMA PET/CT (or PET/MRI) appears 
to be a sensitive technique which identifies sites of recurrence at low PSA serum 
levels [30, 41], itis most likely the more suitable imaging technique that would help 
with the management of the early BCR in the curative intent. 

In summary, PSMA imaging appears to have improved diagnostic accuracy in 
detecting sites of BCR at very low PSA levels, with detection rate increasing with 
PSA level and PSA kinetics (PSAdt, PSA velocity). It seems to have an impact on 
the management of PCa patients with BCR by restaging polymetastatic disease that 
will be excluded to a salvage treatment, by detecting oligometastatic disease that 
could benefit from MDT and finally it can allow to re-adapt the planning of salvage 
RT. Moreover, PSMA-negative scans could allow to select patients that could ben- 
efit from clinical surveillance. 

Nonetheless, PSMA PET does not detect small lesions with size below 4 mm 
which is inherent to the physical limitations of PET imaging [42, 43]. Furthermore, 
the sensibility is reduced in the region of prostate fossa due to urinary excretion of 
the radiotracer and bladder accumulation [44, 45] as such PSMA imaging may 
underestimate the extent of a local recurrence. Probably, the best assessment of 
early BCR with low PSA level would be the combination of mpMRI which is more 
sensitive for local evaluation with PSMA imaging for the detection of extrapelvic 
and metastatic lesions. 

Even if multiple studies found an impact of PSMA in the planning of salvage 
therapy, we have to keep in mind that there is a lack of homogeneity of the patients 
in the studies, some including in the same cohort patients with or without ADT, 
patients with prior radiotherapy treatment, RP with or without pelvic lymph node 
dissection (PLND). Moreover, a major limitation of most PSMA studies is the lack 
of histological confirmations of positive lesions. As such, what investigators “see” 
as PCa metastases on imaging may not necessarily correspond to pathologic dis- 
ease, albeit extremely high specificity rates were reported in studies in which histo- 
logical confirmation was obtained. Nonetheless, PSMA ligand uptake can be seen 
in other malignancies (glioblastoma, hepatocellular carcinoma, lung cancer, renal 
cell cancer, thyroid cancer, follicular lymphoma) and benign conditions (schwan- 
nomas, thyroid adenoma, haemangioma, sarcoidosis, inflammatory lymph node, 
Paget disease) [46]. 
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Further prospective randomized trials are waited to confirm the potential clinical 
impact of PSMA PET imaging. Moreover, the question remains whether a decision 
guided by PSMA scan may translate to a long-term clinical benefit. 


8.4 Where is the Place of PSMA Imaging before 
Salvage Lymphadenectomy 


Mandel et al. analyzed the accuracy of lymph node metastasis detection for PSMA 
PET before salvage lymphadenectomy. The sensitivity, specificity, positive predic- 
tive value, negative predictive value, and accuracy were 75.9%, 87.5%, 68.8%, 
90.9%, and 84.4%, respectively, in lymph node-based analysis [47]. 

Rauscher et al. assessed the value of PSMA PET in the detection of lymph node 
metastasis with a comparison to histology after salvage lymphadenectomy. PSMA 
PET presented a specificity of 97.3%, a sensibility of 77.9%, a negative predictive 
value of 87.8%, a positive predictive value of 94.6%, and an accuracy of 89.9% on 
the lymph node field-based analysis. PSMA PET was more accurate than morpho- 
logical imaging, although it did not reach a level to which selective lymph node 
dissection should be oriented by PSMA PET, since 18.75% of the patients had a 
negative PSMA PET and positive nodes on histological evaluation [48]. 

In conclusion, the current accuracy of PSMA PET imaging is not high enough to 
justify its use to orientate the field of salvage lymphadenectomy, as opposed to per- 
forming a complete extended bilateral salvage lymphadenectomy. 


8.5 Conclusion 


PSMA targeted imaging 1s a new and interesting imaging modality that presents an 
improved performance in detection rate for recurrent PCa. It has therefore a poten- 
tial impact on clinical management and in personalizing treatment strategy. The 
main interest generated by this exam is its high sensitivity, which has been found to 
be able to detect PCa recurrences even at low PSA levels <0.5 ng/ml. Despite the 
encouraging data on PSMA PET diagnostic accuracy, improvement in long-term 
outcomes must be demonstrated to confirm its utility in clinical practice. Further 
large prospective randomized trials are required to establish guidelines in imaging 
in the setting of recurrent PCa. 
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9.1 Research Methods 


® | 


| Check for | 
updates | 


A systematic review relating to salvage therapy for prostate cancer was conducted. 
This was to identify the role of salvage brachytherapy after primary brachytherapy. 
The search strategy aimed to identify all references related to Salvage brachyther- 
apy AND prostate cancer AND Primary Brachytherapy. Search terms used were as 
follows: (Salvage therapy) AND (prostate cancer) AND (PET). The following data- 


bases were screened from 1989 to April 2020: 


¢ CINAHL 

e MEDLINE (NHS Evidence) 
e Cochrane 

e AMed 

¢ EMBASE 

e PsychINFO 

¢ SCOPUS 

e Web of Science 
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Fig. 9.1 Flow chart of studies identified through the systematic review. (Adapted from Schmidt- 
Hegemann et al. [16] PRISMA) 


In addition, searches using Medical Subject Headings (MeSH) and keywords 
were conducted using Cochrane databases. Two UK-based experts in bladder can- 
cer were consulted to identify any additional studies. 

Studies were eligible for inclusion if they reported primary research focusing on 
PET and Salvage therapy in prostate cancer. Papers were included if published after 
1984 and had to be in English. Studies that did not conform to this were excluded. 
Only primary research was included (Fig. 9.1). The overall aim was to identify pre- 
dictors of recurrence in salvage therapy for prostate cancer. 

Abstracts were independently screened for eligibility by two reviewers and dis- 
agreements resolved through discussion or third-party opinion. Agreement level 
was calculated using Cohen’s Kappa to test the intercoder reliability of this screen- 
ing process(15, 54) (15, 54). Cohens’ Kappa allows comparison of inter-rater reli- 
ability between papers using the relative observed agreement. This also takes 
account of the comparison occurring by chance. The first reviewer agreed all 66 
papers to be included, the second, agreed on 66. Cohens kappa was therefore 1.0. 

Data extraction was piloted by the researcher and amended in consultation with 
the research team (author and two academic supervisors). Data collected included 
authors, year and country of publication, study aims, setting, intervention aims, 
number of participants, study design, intervention components and delivery meth- 
ods, comparison groups and outcome measures, notes and follow-up questions for 
the authors. Studies were quality assessed using the PRISMA criteria for ran- 
domised controlled trials, Mays et al. [1, 2] for the action research and qualitative 
studies and the Critical Skills Appraisal programme for cohort studies. This was 
also applied to randomized controlled trials and qualitative studies. 

The search identified 262 papers (Fig. 9.1). All 66 out of 262 mapped to the 
search terms and eligibility criteria. The current systematic reviews were examined 
to gain further knowledge about the subject. One hundred and ninety-six papers 
were excluded due to not conforming to eligibility criteria or adding to the evidence. 
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Of the 66 papers left, relevant abstracts were identified and the full papers obtained 
(all of which were in English), to quality assure against search criteria. There was 
considerable heterogeneity of design among the included studies; therefore, a nar- 
rative review of the evidence was undertaken. There was significant heterogeneity 
within studies, including clinical topic, numbers, outcomes, and as a result, a narra- 
tive review was thought to be best. There were 63 cohort studies, with a moderate 
level of evidence, and three trials, with a good level of evidence. These were from a 
range of countries with minimal loss to follow-up. All participants were identified 
appropriately. 


9.2 Systematic Review Results 


9.2.1 PSMA PET Versus Choline PET for Salvage Lymph 
Node Dissection 


Herlemann [3] determined survival rates and complications of salvage lymph node 
dissection (SLND) in recurrence after radical prostatectomy. sLND was performed 
in 104 patients diagnosed with isolated nodal recurrence on_ either 
'8F_fluoroethylcholine ('7F-FEC) or °’Ga-PSMA-HBED-CC (°Ga-PSMA) PET/CT 
[3]. Clavien—Dindo Grade III complications were low (4.8%). Twenty nine point 
eight percent developed biochemical recurrence (BR) (PSA < 0.2 ng/mL), and 
56.7% partial BR (PSA postoperative < PSA preoperative) after sLND [3]. LN 
metastases on *$Ga-PSMA PET/CT a higher rate of biochemical recurrence (BR) 
compared to '8F-FEC PET/CT (45.7 vs. 21.7%, p = 0.040) [3]. PSA at sLND 
(p = 0.031) and choice of PET tracer (p = 0.048) were independent predictors of BR 
[3]. The 5-year BCR-free, CR-free, and CSS rates were 6.2%, 26.0%, and 82.8%, 
respectively [3]. While °8Ga-PSMA seems superior, only a limited number devel- 
oped BR after surgery [3]. 

Fossati [4] compared ''C-Choline and **Ga-PSMA in SLND for nodal recurrent 
PCa [4]. Underestimation of tumour burden was significantly higher in the 
'\C-Choline group versus **Ga-PSMA (p < 0.0001) [4]. This was confirmed on mul- 
tivariable analysis (p = 0.028) [4]. Underestimation of tumour burden was lower 
with *°Ga-PSMA when the PSA was <1.5 ng/mL [4]. Underestimation of the two 
tracers became similar when PSA was >1.5 ng/mL [4]. The higher the number of 
positive lesions, the higher the underestimation of tumour burden regardless of the 
tracer used (p = 0.2) [4]. 


9.2.2. The Role of PET Post Radical Prostatectomy 


Calais mapped patterns of PCa early biochemical recurrence (BCR) after radical 
prostatectomy with *’Ga-PSMA-11 PET/CT with serum PSA levels of less than 
1 ng/mL [5]. Fifty-two of 270 (19%) had at least one PSMA-11-positive lesion not 
covered by CT [5]. Thirty-three of 270 (12%) had extrapelvic PSMA-11-positive 
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lesions, and 19 of 270 (7%) had PSMA-11-positive lesions within the pelvis but not 
covered by CT [5]. The two most common °*’Ga-PSMA-11-positive locations out- 
side the CTs were bone (23/52, 44%) and perirectal lymph nodes (16/52, 31%) [5]. 

Van Leeuwen examined the detection rates of Ga-PSMA-positron emission 
tomography (PET)/computed tomography (CT) in biochemical recurrence (BCR) 
after radical prostatectomy (RP) [6]. A total of 70 were assessed, 53 positive 
Ga-PSMA lesions were detected in 38 (54%) [6]. With PSA levels 0.05—0.09 ng/ 
mL, 8% were positive. Other results were PSA 0.1-0.19 ng/mL, 23%; PSA 
0.2—0.29 ng/mL, 58%; PSA 0.30.49 ng/mL, 36%; and PSA 0.5—0.99 ng/mL, 57% 
[6]. Eighteen of 70 (27%) had pathological Ga-PSMA uptake in the prostatic fossa, 
11 (14.3%) in the pelvic nodes, and five (4.3%) in both the fossa and pelvic lymph 
nodes [6]. There was uptake outside the pelvis with or without a lesion in the fossa 
or pelvic lymph nodes in four cases (8.6%) [6]. Based on Ga-PSMA findings, there 
was a major management change in 20 (28.6%) [6]. 

Emmett examined PSMA-informed SRT in improving treatment outcomes in 
biochemical failure after RP [7]. One hundred and sixty-four men were included. 
PSMA was positive in 62% (n = 102/164): 38 of 102 in the prostatic fossa, 41 of 
102 in pelvic nodes, and 23 of 102 distantly [7]. Overall treatment response after 
SRT was 72% (n = 71/99) [7]. Forty-five per cent (n = 27/60) with a negative PSMA 
underwent SRT, whereas 55% (33/60) did not [7]. In a negative PSMA who received 
SRT, 85% (n = 23/27) had a treatment response, versus a further PSA increase in 
65% (22/34) in the non-treatment group [7]. In 36 of 99 with localized disease 
(prostatic fossa) on PSMA, 81% (n = 29/36) responded to SRT [7]. Twenty-six of 
99 men had nodal disease on PSMA, of whom 61% (n = 16/26) had treatment 
response after SRT [7]. On multivariate logistic regression analysis, PSMA and 
serum PSA significantly correlated with treatment response, whereas pT stage, 
Gleason score, and surgical margin status did not [7]. 

Farolfi assessed the performance of °°Ga-PSMA-11 PET/CT in prostate cancer 
(PCa) in early PSA failure after radical prostatectomy (RP) [8]. The overall detec- 
tion rate of 34.4%. *’Ga-PSMA-11 uptake was observed in the prostate bed (2.5%), 
in the pelvic lymph nodes (17.6%), in the retroperitoneal lymph nodes (3.4%), and 
in the skeleton (17.6%) [8]. Regarding ITT, 81 patients (68.1%) were considered 
possible candidates for S-RT only in the prostate bed and none of the patients (0%) 
for SBRT [8]. With the °Ga-PSMA-11 PET/CT results, the intended treatment was 
changed in 36 patients (30.2%). From PET/CT results, SRT was recommended in 
70 (58.8%), only to the prostate bed in 58 (48.7%) and SBRT in 29 (24.4%) [8]. The 
intended RT planning was modified in 36 (87.8%) of 41 patients with a positive 
&§Ga-PSMA-11 PET/CT result [8]. 

Tan assessed the detection rate of °Ga-prostate-specific membrane antigen- 
positron emission tomography/computed tomography (PSMA-PET/CT) for diag- 
nosis of clinical recurrence and as a treatment decision-making tool in BCR 
post-RadP [9]. Detection rate for °*Ga PSMA-PET/CT was 80% (44/55) [9]. A posi- 
tive scan was significantly associated with increasing prostate-specific antigen 
(PSA) level [odds ratio (OR) = 1.13 (95% CI 1.05—1.30), p = 0.017], but not with 
higher Gleason grade or shorter PSA doubling time [9]. Compared to CWU, “Ga 
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PSMA-PET/CT detected an additional 106 lesions in 33/44 patients with a positive 
scan, resulting in a change in management in 25/44 (56.8%) patients: 10 to hor- 
monal therapy (HT) and whole pelvis radiotherapy (RT) in addition to bed RT, and 
15 to palliative HT alone [9]. 

Albisinni [10] assessed a novel molecular imaging technique, **Ga-(HBED-CC)- 
prostate-specific membrane antigen (PSMA) positron emission tomography/com- 
puted tomography (PET/CT), in prostate cancer with rising prostate-specific antigen 
(PSA) after treatment with curative intent [10]. Overall, °*Ga-PSMA PET/CT 
detected at least one lesion suspicious for prostate cancer in 98/131 (75%) patients 
[10]. There was an impact on subsequent management in 99/131 patients (76%). 
The main modifications included continuing surveillance (withholding hormonal 
therapy), hormonal manipulations, stereotaxic radiotherapy, salvage radiotherapy, 
salvage node dissection, or salvage local treatment (prostatectomy, high-intensity 
focussed ultrasound) [10]. 

Henkenberens evaluated the patterns of relapse when using °Ga-prostate-specific 
membrane antigen (PSMA) ligand positron emission tomography/computed tomog- 
raphy (PET/CT) imaging for restaging in biochemical relapse after radical prosta- 
tectomy (RP) before salvage radiotherapy (sRT) [11]. PET/CT was positive in 
84.6% (33/39) [11]. A total of 61 lesions were observed (1.8 lesions per patient); 
30.3% (10/33) had locally recurrent disease [11]. The clinical TNM stage was 
altered in 69.7% (23/33) following PET, resulting in tailored treatment [11]. A 
prostate-specific antigen (PSA) > 1.0 ng/mL was significantly associated with an 
increased risk of extrapelvic metastatic disease (p = 0.048) [11]. The PSA level at 
the time of PSMA ligand PET/CT correlated with the peak standardized uptake 
value (SUV,.a3 p = 0.002). 

Dundee assessed the performance of Ga-labelled prostate-specific membrane 
antigen ligand-positron-emission tomography (Ga-PSMA PET) for positive lymph 
nodes on imaging after curatively intended radical prostatectomy [12]. A total of 34 
positive nodes were detected on Ga-PSMA PET with a median of two nodes per 
patient (QR 1-3 nodes per patient) [12]. Sixty-six nodes were pathologically dis- 
ease positive from 14 patients, with a median of two positive nodes per patient (IQR 
1-6) [12]. Three patients had no pathologically detectable disease. On a per-patient 
basis, the positive predictive value was 82% [12]. Sensitivity, specificity, and nega- 
tive predictive value were not able to be calculated as all patients had disease recur- 
rence with a detectable prostate-specific antigen [12]. On a “per lesion” basis, the 
sensitivity, specificity, positive predictive value, and negative predictive value were 
36.7%, 96.9%, 73.5%, and 86.7%, respectively [12]. 


9.2.3 The Role of Fluciclone PET in Detection of Prostate 
Cancer Recurrence 


The prospective, multicenter LOCATE (F Fluciclovine [FACBC] PET/CT in 
Patients with Rising PSA after Initial Prostate Cancer Treatment) trial assessed the 
Impact of positron emission tomography/computerized tomography with 
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F-fluciclovine in biochemical recurrence of prostate cancer after primary therapy 
with curative intent [13]. Two hundred and thirteen were enrolled in the study [13]. 
F-fluciclovine avid lesions were detected in 122 of the 213 (57%) [13]. Overall 126 
of 213 patients (59%) had a change in management after the scan, which were major 
in 98 of 126 (78%) and in 88 (70%) were informed by positive findings [13]. The 
most frequent major changes were from salvage or noncurative systemic therapy to 
watchful waiting (32 of 126 cases or 25%), from noncurative systemic therapy to 
salvage therapy (30 of 126 or 24%) and from salvage therapy to noncurative sys- 
temic therapy (11 of 126 or 9%) [13]. 

Jethwa assessed gastrointestinal (GI) and genitourinary (GU) adverse events 
(AEs) of !'C-choline-positron emission tomography (CholPET) guided lymph node 
(LN) radiation therapy (RT) in biochemical failure after radical prostatectomy [14]. 
Median prostate-specific antigen at time of positive CholPET was 2.3 ng/mL (IQR, 
1.3-4.8), with a median of 2 (IQR, 1-4) choline-avid LNs per patient [14]. Most 
recurrences were within the pelvis (53%) or pelvis + paraortic (40%) [14]. Baseline 
rates of grade 1-2 GI AEs were 8.4% compared with 51.9% (4.7% grade 2) of 
patients post-RT (p < 0.01) [14]. These differences resolved by 4-month (12.2%, 
p =0.65) and 14-month AE assessments (9.1%, p = 0.87) [14]. There was no signifi- 
cant change in grade 1-2 GU AEs post-RT (64.1%) relative to baseline (56.0%, 
p =0.21), although differences did arise at 4-month (72.2%, p = 0.01) and 14-month 
(74.3%, p = 0.01) AE assessments [14]. 

Calais compared prospectively paired !*F-fluciclovine and PSMA PET-CT scans 
for localizing biochemical recurrence of prostate cancer after radical prostatectomy 
in low prostate-specific antigen (PSA) concentrations (<2.0 ng/mL) [15]. The pri- 
mary endpoint was met; detection rates were significantly lower with '*F-fluciclovine 
PET-CT (13 [26%; 95% CI 15-40] of 50) than with PSMA PET-CT (28 [56%; 
41-70] of 50), with an odds ratio (OR) of 4-8 (95% CI 1.6—-19.2; p = 0.0026); in the 
subanalysis of the pelvic nodes region (four [8%; 2-19] with '°F-fluciclovine vs 15 
[30%; 18-45] with PSMA PET-CT; OR 12.0 [1.8-513.0], p = 0.0034); and in the 
subanalysis of any extrapelvic lesions (none [0%; O—6] versus eight [16%; 7-29]; 
OR non-estimable [95% CI non-estimable], p = 0-0078) [15]. 


9.2.4 PSMA-PET Guided Salvage Radiotherapy 


Schmidt hypothesized that PSMA PET/CT-guided salvage radiotherapy leads to 
improved BRES [16]. PET-positive lesions were detected in 42/90 (47%) patients: 
24/42 (27%) fossa recurrence only, 12/42 (13%) pelvic lymph nodes only and 6/42 
(7%) fossa and pelvic lymph node recurrence [16]. BRFS was 78% [16]. 
Antiandrogen therapy was ongoing in four patients at the last follow-up [16]. No 
significant difference in BRFS between PET-positive (74%) versus PET-negative 
patients (82%; p > 0.05) was observed [16]. 

Boreta identified locations of recurrence after radical prostatectomy (RP) with 
prostate-specific antigen (PSA) < 2 by Gallium-68 prostate-specific membrane anti- 
gen (PSMA)-11 Positron Emission Tomography (PET) imaging, to determine 
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whether standard nodal radiation fields would cover the location of prostate cancer 
recurrence [17]. Twenty-five (38%) had PSMA-avid lesions found outside of the 
pelvis, 33 (50%) had lesions confined to the pelvic lymph nodes and prostate bed, 
and eight (12%) had PSMA-avid recurrence only in the prostate bed [17]. Salvage 
radiation including standard Intensity Modulated Radiation Therapy (IMRT) pelvic 
nodal volumes would not cover PSMA-avid nodal disease in 38 men (30%). PSA at 
the time of imaging was statistically associated with having PSMA-avid disease 
outside of standard nodal fields (p < 0.01) [17]. 

Schiller evaluated patterns of recurrence after RP in patients with prostate cancer 
(PC), highlighting differentiation between sites with standard radiation therapy 
(RT) field after the RTOG consensus [18]. Compared to negative conventional 
imaging (CT/MRI), lesions suspicious for PC were detected 1n 27/31 cases (87.1%) 
by °°Ga-PSMA-PET imaging, which resulted in changes to radiotherapy treatment 
[18]. There were 16/31 (51.6%) that received a simultaneous integrated boost (SIB) 
without the additional knowledge of °*Ga-PSMA-PET imaging and 18/31 (58.1%) 
to uncommon (presacral, paravesical, pararectal, preacetabular and obturatoric) LN 
sites [18]. In addition, 14 patients (45.2%) had a changed TNM staging result by 
means of *°Ga-PSMA-PET imaging [18]. 


9.2.5 Choline PET Guided Radiotherapy 


Fodor reported the 3-year toxicity and outcomes of carbon 11 (11C)-choline- 
positron emission tomography (PET)/computed tomography after lymph node (LN) 
relapses in prostate cancer [19]. Ninety one point four percent had a PSA reduction 
3 months after HTT [19]. The 3-year overall, local relapse-free and clinical relapse- 
free survival rates were 80.0%, 89.8%, and 61.8%, respectively [19]. The 3-year 
actuarial incidences of >grade 2 rectal and >grade 2 genitourinary toxicity were 
6.6% (+2.9%) and 26.3% (+5.5%), respectively [19]. A PSA nadir of >0.26 ng/mL 
(hazard ratio [HR] 3.6, 95% confidence interval [CI] 1.7—7.7; p = 0.001), extrapel- 
vic 11C-choline-PET/CT-positive LN location (HR 2.4, 95% CI 0.9-6.4; p = 0.07), 
RT previous to HTT (HR 2.7; 95% CI 1.07-6.9, p = 0.04) and number of positive 
LNs (HR 1.13, 95% CI 1.04—1.22; p = 0.003) were the main predictors of clinical 
relapse after HTT [19]. 

D’ Agostino assessed prostate cancer eligible for salvage radiotherapy. Among 
the 135 patients subjected to Cho-PET, the indication to radiotherapy was modified 
in 66 (48.8%) cases based on the Cho-PET result [20]. Cho-PET helped to better 
define the radiotherapy programme in 33 (52.4%) of 63 undergoing adjuvant/sal- 
vage radiotherapy, and 21 out of 44 (47.7%) with relapsed/metastatic disease [20]. 
The overall biochemical response was demonstrated by mean and median prostate- 
specific antigen values, which changed from 15.29 to 4.00 ng/mL, respectively, 
before to mean 4.74 ng/mL and median 0.81 ng/mL after therapy (p = 0.05) [20]. 

Rinnab investigated the diagnostic value of [(11)C]choline-PET/CT in patients 
with suspected lymph node metastases before salvage lymph node dissection [21]. 
[(11)C]choline-PET/CT results were compared with the histopathology reports and 
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clinical follow-up [21]. A positive histology was reported in 8/15 patients [21]. 
Only one patient had a PSA nadir of <0.1 ng/mL after salvage surgery [21]. Another 
patient had stable disease with a PSA of 0.5 ng/mL. Three patients developed bone 
metastases during follow-up [21]. 

Johnson explored PSA nadirs on detection rates of recurrence with '*F-choline 
(CH) PET/CT after external beam radiation therapy (EBRT) [22]. Overall, 40 (74%) 
PET/CT scans were positive: recurrence was local and/or regional in 29 patients, 
distant in 15 and combined both in 4. There was no association between PSA values 
and sites of recurrence [22]. In univariate analysis, trigger (p = 0.015) and relative 
(p = 0.0005) PSA values and PSA velocity (p = 0.01) were significantly linked to 
positive PET/CT, but PSA nadir was not [22]. In subgroup analysis, significant dif- 
ferences were only in the salvage EBRT group. The Akaike Information Criterion 
multivariate model comparison found that relative PSA was a better predictor of 
positive PET/CT than trigger PSA (PSAt) [22]. '8F-CH PET/CT detection rates 
increased with trigger and relative PSA: 0% (0/4 patients), 71% (5/7 patients), and 
81% (35/43 patients) for PSAt < 2 ng/mL, 2 < PSAt <4 ng/mL, and PSAt > 4 ng/ 
mL, respectively, and 14% (1/7 patients), 50% (5/10 patients), and 92% (34/37 
patients) when relative PSA was taken into account instead of trigger PSA, with 
seven (13%) patients changing subgroups [22]. 

Reske studied performance of [11C]Choline-PET/CT in recurrence after radical 
prostatectomy (RP) and scheduled for salvage radiation therapy (SRT) [23]. Eleven 
of 27 patients had at follow-up of 76.5 + 5.7 months a favourable long-term response 
to SRT and needed no specific further prostate cancer-related treatment [23]. In 
16/27 patients, rising serum PSA concentrations were observed 34.2 + 20.1 months 
after SRT, qualifying them as treatment failures [23]. Tumour stage, risk profile, and 
PSA before SRT were not different in long-term responders and failures [23]. 
[11C]Choline-PET/CT showed local relapse in about 50% of both long-term 
responders failures, locoregional nodal relapse in 4/16 failures, and a singular bone 
metastasis in 1/16 failures [23]. 

Souvatzoglou evaluated the incidence of (11)C-choline PET/CT-positive find- 
ings in patients with recurrent prostate cancer referred for salvage radiotherapy 
(SRT) and the influence on the definition of the planning target volume (PTV) [24]. 
11/37 (30%) patients had a positive finding in the (11)C-choline PET/CT, 5 (13%) 
outside of the prostatic fossa (iliac lymph nodes), implicating an extension of the 
PTV [24]. Patients with positive (11)C-choline PET/CT had a significant higher 
PSA value than patients with no pathologic uptake (p = 0.03) [24]. Overall, at the 
end of follow-up, 56% of the patients had a PSA < 0.2 ng/mL and 44% had a bio- 
chemical relapse of prostate cancer [24]. 


9.2.6 The Role of PET in Salvage Lymph Node Dissection 
Jilg evaluated the diagnostic accuracy of PSMA-PET/CT for detection of lymph 


node regions at salvage-LND in nodal recurrence of PCa [25]. LNM were present in 
11.4% of the resected LN (110/965). PET/CT was a true positive for 41 main regions 
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and 69 subregions [25]. Three PET-negative main regions and 16 PET-negative sub- 
regions finally contained LNM, the majority of these false-negative subregions 
(13/16) were in neighbouring regions of true-positive subregions [25]. Sensitivity, 
specificity, positive predictive value, negative predictive value, and accuracy were: 
main region-based 93.2, 100, 100, 88.9, and 95.6%, subregion-based 81.2, 99.5, 
98.6, 92.7, and 94.1% [25]. 

Hiester reported oncological outcomes in treatment with spot-specific sLND in 
exclusive nodal recurrence after PCa primary treatment [26]. Even spot-specific 
PET/CT sLND harbours a measurable (CD > II) morbidity in one out of seven 
patients [26]. Only patients with positive histological report and a PSA nadir 
<0.01 ng/mL after sLND seem to experience a long-term benefit [26]. Patients with 
a PSA nadir >0.01 ng/mL have a delay of systemic treatment of up to 4 months. 
sLND remains an experimental approach and long-term oncological benefit needs 
an improved selection of patients [26]. 

Rauscher evaluated the accuracy of §Glu-NH-CO-NH-Lys-(Ahx)- 
[°°Ga(HBED-CC)] PET compared with morphologic imaging for lymph node 
metastases (LNM) recurrence [27]. LNM were found histologically in 68 of 179 
resected specimens (38.0%) [27]. The specificity of °*Ga-PSMA HBED-CC PET 
and morphologic imaging was 97.3% and 99.1%, respectively [27]. However, 
°83Ga-PSMA HBED-CC PET detected LNM in 53 of 68 histopathologically proven 
metastatic LN fields (77.9%). Morphologic imaging was positive in only 18 of 67 
(26.9%) [27]. °Ga-PSMA HBED-CC PET imaging performed significantly supe- 
rior to morphologic imaging for detection of LNM (difference in the areas under the 
receiver operating characteristic curves, 0.139; 95% confidence interval, 
0.063—0.214; p < 0.001) [27]. In Ga-PSMA HBED-CC PET, the mean size of 
PET-positive LN measured by CT or MRI was 8.3 + 4.3 mm (range, 4-25 mm), and 
LNs, which were suspicious only in CT or MRI, presented with a mean size of 
13.0 + 4.9 mm (range, 8—25 mm) [27]. 

Knipper [28] evaluated ”™Technetium prostate-specific membrane antigen- 
radioguided surgery (?°™T'c-PSMA-RGS) to see assess efficacy versus conventional 
salvage lymph node dissection (SLND) [28]. Final pathology revealed no metasta- 
ses in nine CSA patients (31%), whereas all visible lesions on preoperative 
°83Ga-PSMA-PET were removed in patients who underwent RGS [28]. A PSA 
decline in general, >50% and >90% within 6 weeks was seen in 50, 29, and 7% 
versus 100, 92, and 53% in CSA versus RGS groups, respectively (all p < 0.01) 
[28]. This is the first comparison of conventional and PSMA-radioguided approach 
with regards to the short-term efficacy of sLND [28]. Although long-term outcome 
needs to be awaited, RGS offers promising results [28]. 

Oderda assessed the accuracy of PET/CT in predicting nodal location of relapses 
in salvage lymph node dissection (SLND) [29]. Overall sensitivity, specificity, nega- 
tive and positive predictive value, and accuracy of PET/CT for disease location were 
61.6%, 79.3%, 66.3%, 75.7%, and 70.2%, respectively [29]. Sensitivity was 75.5% 
in the lower pelvis with 69.8% specificity [29]. The retroperitoneal region had high 
specificity (94.7%) but a relatively low sensitivity (58.3%) [29]. The sLNDs did not 
find any positive nodes in 16 patients (15%) [29]. According to regression analyses, 
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discriminative accuracy of PET/CT was 70.4% and improved with an increased 
number of dissected nodes and prostate-specific antigen doubling timeless than 
12 months [29]. 

Passoni assessed its validity in detecting a single positive LN at pathologic 
examination in regard to an increasing interest in lesion-targeted salvage therapies 
[30]. Overall, 30 patients (65%) had positive LNs at pathologic examination [30]. 
Of these, only 16 (35%) had pathologically confirmed metastases in the same lym- 
phatic region and 11 (24%) had involvement of 1 single LN [30]. Conversely, 28 
patients had positive LNs in other areas and 8 had no evidence of metastases [30]. 
The overall PPV of PET/CT was 34.8 and 23.9% according to the lymphatic land- 
ing site and single positive LN, respectively [30]. The PPV ranged from 33.3 to 
44.4% and from 17.9 to 28.6%, in those with and without androgen deprivation 
therapy, respectively [30]. 

Byrne identified sites of failure with °*Ga-PSMA-PET (PSMA-PET) imaging in 
biochemical failure (BF) following post-prostatectomy radiotherapy [31]. PSMA- 
PET delineated in-field failure occurred in 2/50 (4%) of the PF group and 1/17 (6%) 
in the PF + LN group [31]. Nodal failure alone was 33/50 (66%) for the PF group 
versus 7/17 (41%) for the PF + LN group [31]. For the nodal only failure patients, 
18/33 (55%) had pelvic-only nodal failure in the PF group compared to 1/7 (14%) 
in the PF + LN group (p = 0.03) [31]. Sixteen (32%) of the PSMA avid failures in 
the PF group would have been encompassed by standard pelvic lymphatic radio- 
therapy volumes [31]. 

Siriwardana evaluated oncological outcomes of “gallium-labelled prostate- 
specific membrane antigen (°**Ga-PSMA) positron-emission tomography (PET)/ 
computed tomography (CT)-directed robot-assisted salvage node dissection 
(RASND) for prostate cancer oligometastatic nodal recurrence [32]. A total of 58 
lesions suspicious for lymph node metastases (LNM) in 35 patients were detected 
on Ga-PSMA imaging [32]. A total of 32 patients (91%) had histopathologically 
proven LNM at RASND, with a total of 87 LNM and a median (interquartile range) 
of 2 (1-3) LNM per patient [32]. In all, eight patients (23%) experienced complica- 
tions, all Clavien—Dindo grade <2. Treatment response was seen in 15 (43%) and 
11 patients (31%), using the broad and strict definitions, respectively [32]. BCR- 
free survival and clinical recurrence-free survival at a median follow-up of 12 months 
were 23% and 66%, respectively, for the entire cohort [32]. Bilateral template dis- 
section was the only significant univariate predictor of treatment response [32]. 


9.2.7. The Role of Choline PET After Radical Radiotherapy 
for Prostate Cancer 


El Kabbaj aimed to identify sites of prostate cancer in biochemical recurrence post- 
prostatectomy using '*F-Fluorocholine (18F-FCH) positron emission tomography/ 
computed tomography (PET/CT) [33]. The anastomosis was the most common 
recurrence site (52.8%), followed by the retrovesical region (31.7%) and the bladder 
neck (7%) [33]. The median SUV max value was 4.8 (2.3—16.1). The percentage of 
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local recurrence entirely included in the CT Vpzog was not significantly different 
from that included in the CT Vppogeg (84% versus 83%, p = 0.5) [33]. Significantly 
more recurrences were included in the CT Vprog volume compared to the CT Vgortc 
(84% versus 68%, p = 0.006), due to a better coverage of the bladder neck and ret- 
rovesical regions [33]. Six out of ten relapses occurring in the posterior region of the 
anastomosis were not covered by any of the CTVs (83) [33]. 

Rybalov reviewed [11C] choline positron emission tomography (PET) for local- 
ization in recurrent prostate cancer after EBRT [34]. According to PET results: of 
the 42 patients, 15 (36%) had a focal recurrence, 27 (64%) showed a diffuse recur- 
rence [34]. The overall concordance of PET with histology concerning detection of 
recurrence was 76% (32 patients had positive PET results and positive biopsies) 
[34]. The concordance of the intraprostatic distribution of the tumour with PET with 
histology from transrectal prostate biopsies (median biopsies 7, range 4-12) was 
47% (7/15) in unilateral cases and 41% (11/27) in bilateral cases [34]. No signifi- 
cant differences were seen between the two groups in serum PSA at time of PET 
(p = 0.509) and SUV (p = 0.739) using Student’s t-test [34]. 


9.2.8 The Role of PET Post Salvage Radiotherapy 
in Prostate Cancer 


Habl evaluated prostate cancer (PC) patients receiving °*Ga-PSMA-PET imaging 
before salvage radiotherapy (RT) [35]. Uptake for tumour recurrence in °Ga-PSMA- 
PET was found in 76% with biochemical recurrent PC [35]. Median PSA level was 
1.0 ng/mL (range 0.12—14.7 ng/mL) [35]. Of these, 80% showed no morphological 
correlate in the corresponding CT or MRI [35]. Fourty-three per cent experienced a 
change in TNM stage due to **Ga-PSMA-PET imaging [35]. Patients had changes 
from Tx to reT+ (28%), 12% from pNO to rcN1, 1% from pNO/cMO to rcM1a, and 
8% from cMO to rcM1b [35]. Due to the additional knowledge of °*Ga-PSMA-PET 
imaging, initial planned RT planning was adapted in 59% of all cases [35]. An addi- 
tional simultaneous integrated boost (SIB) to the prostate bed or lymph nodes was 
given to 32% and 63%, respectively [35]. Ten patients received stereotactic body RT 
(SBRT) to single bone metastases [35]. 

Goldstein [36] hypothesized that labelled-choline PET/CT studies showing 
local or regional recurrence or distant metastases will improve radiation planning 
[36]. PET/CT altered treatment approach in 18 of 33 (55%) patients (p = 0.05) 
[36]. Sixteen of 27 patients (59%) treated previously with radiation were retreated 
with RT and delayed or eliminated androgen deprivation therapy: | received sal- 
vage brachytherapy, 10 received salvage pelvic lymph node or prostate fossa irra- 
diation, 2 brachytherapy failures received salvage prostate and lymph nodes 
IMRT, and 3 with solitary bone metastasis were treated with radiosurgery [36]. 
Eleven of 16 patients retreated responded to salvage therapy with a significant 
PSA response (<Q.2 ng/mL), two patients had partial biochemical responses, and 
three patients failed [36]. Two of six patients with no prior RT were referred for 
salvage prostatic fossa RT: one received dose escalation for disease identified in 
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the prostate fossa and another had the inclusion of “hot” pelvic lymph nodes in the 
treatment volume [36]. 


9.2.9 The Role of PET in Salvage Radiotherapy 
for Oligometastatic Disease 


Gomez-Iturriaga [37] assessed clinical outcomes in oligometastatic prostate cancer 
recurrence after salvage radiation treatment [37]. The treatments administered to the 
initial oligorecurrence sites were intensity-modulated radiotherapy IMRT) + ADT 
(26 patients; 53%) and stereotactic ablative radiotherapy (SABR) + ADT (23 
patients; 47%) [37]. Twenty-four patients developed biochemical failure [37]. 
Twenty out of the 24 relapsed patients underwent a second Ch-PET/CT. Seven 
patients presented poly-metastatic relapse and ten oligometastatic diseases [37]. Six 
of ten patients with a second oligorecurrence were treated again with SABR. Overall, 
102 lesions were treated. Local control was detected in 45 (91.8%) patients [37]. No 
relevant (grade > 2) toxicity was reported, and there was no grade 3 toxicity [37]. 
On univariate analysis, none of the variables were significantly predicted for clinical 
disease-free survival [37]. At the last follow-up visit, 24 patients (40%) were free 
from biochemical failure and 37 (71%) patients were free from clinical disease [37]. 
The 2-year OS and PCSS were 91.8% and 95.9%, respectively [37]. 

Pasqualetti [38] assessed the impact of [(18)F]Choline ([(18)F]FMCH) PET/CT 
and the use stereotactic body radiotherapy (SBRT) in oligometastatic prostate can- 
cer (PCa) [38]. A total of 45 lesions were treated with SBRT [38]. After a median 
follow-up of 11.5 months (range 3—40 months), 20 patients were still in the study 
and did not receive any systemic therapy [38]. Nine had started systemic therapy 
[38]. No grade 3 or 4 toxicity was recorded [38]. 

Bluemel assessed the impact of °*Ga-PSMA PET/CT on the treatment decisions. 
Suspicious lesions were detected in 24/45 (53.3%) patients. In 62.5% of patients, 
lesions were only detected by °*Ga-PSMA PET [39]. Treatment was changed in 
19/45 (42.2%) patients, e.g. extending SRT to metastases (9/19), administering dose 
escalation in patients with morphological local recurrence (6/19), or replacing SRT 
by systemic therapy (2/19) [39]. 38/45 (84.4%) followed the treatment recommen- 
dation, with data on clinical follow-up being available in 21 patients treated with 
SRT [39]. All but one showed a biochemical response (mean PSA decline 78 + 19%) 
within a mean follow-up of 8.12 + 5.23 months [39]. 

Graziani [40] evaluated (11)C-choline PET/CT as a diagnostic tool for restaging 
prostate cancer (PCa), in a large, homogeneous, and clinically relevant population 
of patients with biochemical recurrence (BCR) of PCa after primary therapy [40]. 
The secondary aim was to assess the best timing for performing (11)C-choline PET/ 
CT during BCR [40]. Overall, 52.8% of the (11)C-choline PET/CT scans 
(2337/4426) and 54.8% of the patients (1755/3203) were positive [40]. In 29.4% of 
the scans, at least one distant finding was observed. The mean and median PSA 
values were, respectively, 4.9 and 2.1 ng/mL at the time of the scan (range 0.2—50 ng/ 
mL) [40]. The absolute PSA value at the time of the scan and ongoing androgen 
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deprivation therapy was associated with an increased probability of a positive (11) 
C-choline PET/CT scan (p < 0.0001) [40]. In the ROC analysis, a PSA value of 
1.16 ng/mL was the optimal cutoff value. In patients with a PSA value <1.16 ng/ 
mL, 26.8% of 1426 (11)C-choline PET/CT scans were positive, with oligometa- 
static disease in 84.7% of positive scans [40]. 


9.2.10 The Role of PET in Salvage Lymph Node Dissection 


Farolfi [8] analyzed patterns of persistent versus recurrent or new PET lesions in 
PSA persistence following salvage lymph node dissection (SLND) and pre/post 
procedure prostate-specific membrane antigen ligand positron emission tomogra- 
phy (PSMA-PET) [8]. Post-SLND PET identified PCa lesions in 88% (14/16) of 
patients with PSA persistence after SLND [8]. The disease was confined to the 
pelvis in 56% of patients (9/16) and most of these men had common iliac (6/16, 
38%) and internal iliac lymph node metastases (6/16, 38%) [8]. Extrapelvic disease 
was detected in 31% of patients (5/16) [8]. In pre- and post-SLND PET comparison, 
10/16 had at least one lesion already detected at baseline (63% PET persistence); 
4/16 had new lesions only (25% PET recurrence); 2 had no disease on post-SLND 
PET [8]. 

'1Tn-PSMA-RGS allowed for the intraoperative identification of metastatic 
lesions with a sensitivity, specificity, and accuracy of 92.3%, 93.5%, and 93.1%, 
respectively, compared to histopathology [41]. !''In-PSMA-RGS was able to detect 
five additional lymph node metastases in 3 out of 31 patients compared to 
&§Ga-HBED(91)-CC-PSMA PET [41]. A PSA decline >50 and >90% was observed 
in 24/31 patients and 17/31 patients, respectively [41]. In 19/31 patients even a 
complete biochemical response was observed. 10/31 patients received further 
PC-specific treatment after a median of 125 days following ''!In-PSMA-RGS [41]. 
Surgery-related complications were observed in ten patients (Clavien—Dindo clas- 
sification: grade 1 n = 6, grade 3b n = 4) [41]. |''In-PSMA-RGS seems to be highly 
valuable for the intraoperative detection of small metastatic lesions in PC patients 
scheduled for salvage lymphadenectomy [41]. It allows for an exact localization and 
resection of metastatic tissue during ''In-PSMA-RGS and thus is anticipated to 
have a beneficial influence on further disease progression [41]. However, the identi- 
fication of suitable patients on the basis of °*Ga-PSMA PET imaging and clinical 
parameters is critical to obtain satisfactory results [41]. 


9.2.11 The Role of PSMA-PET in Biochemical Failure 
in Prostate Cancer 


Davidson [42] evaluated the use of Gallium-68 prostatic-specific membrane antigen 
(PSMA) PET-computerized tomography (CT) in biochemical failure [42]. Treatment 
recommendations changed in 27/35 (65%) referred due to biochemical failure; 
these included recurrences suitable for salvage therapy (n = 14), metastatic disease 
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not suitable for salvage therapy (nm = 10), and no lesion (n = 17) [42]. No changes in 
treatment occurred in any of the 35 patients referred to evaluate metastatic dis- 
ease [42]. 

Zacho [43] investigated the detection rate of Ga-PSMA PET/CT in biochemical 
recurrence (BCR) of prostate cancer and its impact on patient management [43]. 
Seventy patients were included. Sixty-four patients (91%) had radical prostatec- 
tomy, of whom 17 patients (24%) received salvage radiation therapy due to first 
biochemical relapse [43]. Six patients (9%) underwent radiation therapy as the pri- 
mary treatment [43]. Ga-PSMA PET/CT detected recurrent disease in 37 patients 
(53%) [43]. The detection rate was 22% for prostate-specific antigen (PSA) levels 
up to 0.5 ng/mL compared with 83% for PSA levels greater than 0.5 ng/mL [43]. 
Pathological uptake of Ga-PSMA was observed in 4 (16%) of 21, 4 (44%) of 9, 0 of 
1, 7 (70%) of 10, and 22 (88%) of 25 patients with PSA levels from 0.2 to 0.3 ng/ 
mL, 0.31 to 0.4 ng/mL, 0.41 to 0.5 ng/mL, 0.51 to 1 ng/mL, and greater than 1 ng/ 
mL, respectively [43]. Prostate-specific antigen was significantly higher in PSMA- 
positive patients than in PSMA-negative patients [43]. In 15 (22%) of 69 patients, 
the results caused a definite change in patient management, and in another 15 (22%) 
of 69 patients, Ga-PSMA PET/CT guided the choice of treatment [43]. 

Ceci evaluated Gallium 68 (°Ga)-prostate-specific membrane antigen 
(PSMA)-11 positron emission tomography/computed tomography (PET/CT) detec- 
tion rate, for identifying prostate cancer recurrence (local vs systemic) [44]. The 
&Ga-PSMA-11 PET/CT detection rate was 53.6% (CI 95% 48.1-59.1%) [44]. 
Disease confined to pelvis (prostate bed and/or lymph nodes) was detected 1n 24.7% 
of cases (82/332) [44]. The presence of at least one distant lesion was observed in 
28.9% of cases (96/332). When **Ga-PSMA-11 PET/CT was positive, correlative 
imaging resulted negative in 83% of cases (108/130) [44]. The calculated PPV was 
96.2% [44]. 

De Bari evaluated the impact of gallium68 PSMA-11 (HBED-CC)-PET/CT on 
decision-making strategy of relapsing prostate cancer (PC) presenting a second bio- 
chemical relapse after radical prostatectomy (RP) and salvage RT or salvage andro- 
gen deprivation therapy (ADT) [45]. Thirty-one out of 40 evaluated patients showed 
positive findings at gallium68 PSMA-11 (HBED-CC)-PET/CT (77.5%) [45]. Of 
them, 5 were positive in the prostatic bed, 9 in the pelvic nodes, 12 in nodes outside 
the pelvis, and 8 at bone level [45]. Nine patients presented two different sites of 
relapse (22.5%) [45]. Gallium68 PSMA-11 (HBED-CC)-PET/CT data changed the 
therapeutic approach in 28 patients (70%) [45]. 

Kranzbiihler reviewed the detection rate of **Ga-PSMA-11 PET/CT. Overall, in 
36 of 66 patients (54.5%) PSMA-positive lesions were detected; in 26 of 40 (65%) 
patients with a PSA level between 0.2 and 0.5 ng/mL and in 10 of 26 (38.5%) 
patients with a PSA level less than 0.2 ng/mL [46]. Even at those low PSA values, 
only 8 of 66 (12.1%) patients had an exclusive local recurrence [46]. Lymph nodes 
were detected in 23 patients and bone metastases in 5 on “Ga-PSMA-11 PET/ 
MRI. In 26 of 66 patients (39.4%), PSMA-positive lesions were located outside a 
standard salvage radiotherapy volume [46]. 


9 The Role of PET in Salvage Therapy for Prostate Cancer 103 


9.2.12 MRI Versus PSMA PET in Detection of Prostate 
Cancer Recurrence 


Sawicki assessed whole-body magnetic resonance imaging (wb-MRI) for detection 
of biochemical recurrence in comparison to °°Ga-prostate-specific membrane anti- 
gen positron emission tomography/computed tomography (°°Ga-PSMA PET/CT) in 
prostate cancer (Pca) patients after radical prostatectomy [47]. A total of 56 Pca 
lesions were detected in 20 of the 28 patients [47]. °*°Ga-PSMA PET/CT detected 56 
of 56 lesions (100%) in 20 patients (71.4%), while wb-MRI detected 13 lesions 
(23.2%) in 11 patients (39.3%) [47]. The higher detection rate with °*Ga-PSMA 
PET/CT was statistically significant on both a per-lesion basis (p < 0.001) and a 
per-patient basis (p = 0.0167) [47]. In eight patients (28.6%), no relapse was detect- 
able by either modality. All lesions detected by wb-MRI were also detected by 
°3Ga-PSMA PET/CT [47]. Additionally, °*Ga-PSMA PET/CT provided superior 
diagnostic confidence in identifying Pca lesions (2.7 + 0.7 vs. 2.3 + 0.6, 
p = 0.044) [47]. 


9.2.13 PSMA PET Versus Choline PET in Detection of Prostate 
Cancer Recurrence 


Morigi [48] prospectively compared the detection rates of (68)Ga-PSMA versus 
(18)F-fluoromethylcholine PET/CT after primary radical prostatectomy, radiation 
treatment, or both [48]. On lesion-based analysis, (68)Ga-PSMA detected more 
lesions than (18)F-fluoromethylcholine (59 vs. 29, p < 0.001) [48]. The tumour-to- 
background ratio in positive scans was higher for (68)Ga-PSMA than for (18) 
F-fluoromethylcholine (28.6 for (68)Ga-PSMA_ vs. 94 for (18) 
F-fluoromethylcholine, p < 0.001) [48]. There was a 63% (24/38 patients) manage- 
ment impact, with 54% (13/24 patients) being due to (68)Ga-PSMA imaging alone 
[48]. Histologic follow-up was available for 9 of 38 patients (24%), and 9 of 9 (68) 
Ga-PSMA-positive lesions were consistent with prostate cancer ((68)Ga-PSMA 
was true-positive) [48]. The lesion positive on (18)F-fluoromethylcholine imaging 
and negative on (68)Ga-PSMA imaging was shown at biopsy to be a false-positive 
(18)F-fluoromethylcholine finding ((68)Ga-PSMA was true-negative) [48]. 

Pfister [49] assessed the sensitivity, specificity, positive and negative predictive 
value (PPV/NPV), and accuracy per lesion, the positive predictive value per patient 
of (68)Ga-PSMA PET/CT using post-lymphadenectomy histology as a standard, 
and to compare these values to those obtained in a patient collective scanned using 
(18)F-Fluoroethylcholine ((18)FEC) PET/CT [49]. In 30/38 (18)FEC and 23/28 
(68)Ga-PSMA patients >1 focus of PCA was identified in postsurgical histology, 
leading to a per-patient PPV of 78.9% for (18)FEC and 82.1% for (68)Ga-PSMA 
[49]. In (18)FEC and (68)Ga-PSMA patients, a total of 378 and 308 lymph nodes 
and local lesions were removed, respectively [49]. For (18)FEC and (68)for 
Ga-PSMA, the respective sensitivity (95% confidence interval) was 71.2% 
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(64.5—79.6%) and 86.9% (75.8—-94.2%), specificity was 86.9% (82.3—90.6%) and 
93.1% (89.2-95.9%), PPV was 67.3% (57.7-75.9%) and 75.7% (64.0-98.5%), 
NPV was 88.8% (84.4—92.3%) and 96.6% (93.5—98.5%), and accuracy was 82.5% 
(78.3-86.8%) and 91.9% (88.7%-95.1%) [49]. 

Albisinni assessed the impact of a novel molecular imaging technique, 
°8Ga-(HBED-CC)-prostate-specific membrane antigen (PSMA) positron emission 
tomography/computed tomography (PET/CT), in prostate cancer with rising 
prostate-specific antigen (PSA) after treatment with curative intent [10]. Overall, 
°83Ga-PSMA PET/CT detected at least one lesion suspicious for prostate cancer in 
98/131 (75%) [10]. There was an impact on subsequent management in 99/131 
patients (76%). The main modifications included continuing surveillance (with- 
holding hormonal therapy), hormonal manipulations, stereotaxic radiotherapy, sal- 
vage radiotherapy, salvage node dissection, or salvage local treatment (prostatectomy, 
high-intensity focussed ultrasound) [10]. 

Jilg investigated both Choline PET and PSMA PET looking at detection rate and 
the size of tumour deposits (TDs) within LNM. Gleason score, number of removed 
LNs, and subregions for lymphadenectomy did not differ significantly between the 
'8F_choline and °Ga-PSMA groups [50]. Longitudinal and short diameters of TD in 
LNM to reach dogg, were 11.2 and 7.4 mm, respectively, for '$F-choline PET/CT and 
6.3 and 4.9 mm, respectively, for °*Ga-PSMA PET/CT [50]. Corresponding diam- 
eters to reach ds, were 5.5 and 3.3 mm, respectively, for '*F-choline PET/CT and 
3.7 and 2.3 mm, respectively, for °*Ga-PSMA PET/CT [50]. Detection rates were 
significantly higher under °Ga-PSMA (p = 0.005 and 0.04 for longitudinal and 
short diameter) [50]. 


9.2.14 The Role of Choline PET in Detection of Prostate 
Cancer Recurrence 


Raveenthiran used *°Ga-PET/CT PSMA scan to identify patterns of suspected pros- 
tate cancer recurrence in relation to post-radiotherapy PSA levels, especially below 
the accepted Phoenix definition of PSA failure (PSA nadir + 2) [51]. Two hundred 
and seventy-six patients met the criteria for inclusion [51]. The median PSA was 
3.60 ng/mL [51]. The overall detection rate for suspected recurrent prostate cancer 
was 86.3% [51]. Local recurrence was the most common site, occurring in 56.9% 
(157/276), with isolated local recurrence in 32.6% (90/276) [51]. A total of 75.3% 
(55/73) of men below Phoenix criteria had scans suggestive of recurrent disease, 
with 52.1% of men having salvageable disease [51]. The regions surrounding the 
iliac arteries were the most common areas of nodal metastatic disease, with 55.6% 
of recurrence occurring in the iliac regions [51]. 

Garcia assessed the prognostic value of therapeutic response by (11)C-choline 
PET/CT in biochemical recurrence in which (11)C-choline PET/CT indicated 
radio-guided radiotherapy [52]. (11)C-choline PET/CT could detect lymph nodes in 
all 37 patients [52]. They were 18 (48.6%) of more than a centimetre in size and 19 
(51.3%) with no pathological CT morphology: 9 (24.3%) with positive lymph nodes 
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of around one centimetre and 10 (27.0%) only less than a centimetre in size [52]. 
The response by (11)C-choline PET/CT was categorized 1 year after radiotherapy: 
16 patients (43.2%) complete response; 15 (40.5%) partial response, and 6 (16.2%) 
progression [52]. The response was concordant between the PSA result and (11) 
C-choline PET/CT in 32 patients (86.5%), and discordant in five (13.5%) [52]. New 
recurrence was detected in 12 patients (80%) with partial response, and 5 (31.2%) 
with complete response [52]. The mean time to recurrence was 9 months after par- 
tial response, and 18 months after complete response (significant difference, 
p < 90.0001) [52]. 

Evangelista determined when 18F-choline PET/CT can identify local recurrence 
of prostate cancer [53]. FCH PET/CT resulted truly positive (TP) for recurrent dis- 
ease in the prostatic gland/fossa in 59/75 patients (79%) and falsely positive (FP) in 
16 subjects (21%) [53]. The median value of PSA at the time of FCH PET/CT scan 
was higher in TP as compared to FP, although not statistically significant (4.76 vs. 
3.04 ng/mL p > 0.05) [53]. Similarly, median age, GS categories, and the type of 
therapy were similar between the two groups (p > 0.05) [53]. However, when match- 
ing GS categories and PSA values, we found that the number of patients with TP 
findings were higher in the case of a PSA > 2 ng/mL, independently from the GS 
(ranging between 74% and 92%) [53]. Conversely, FP rate ranged between 50 and 
65% in patients with a PSA < 2 ng/mL, especially in the case of GS < 7, whereas 
FP was around 25% in those with a GS > 7 and PSA > 2 ng/mL [53]. 

Ceci evaluated the usefulness of 11C-choline PET/CT in patients with recurrent 
prostate cancer. PET has been able to detect the site of recurrences in all cases [54]. 
At the time of PET, mean PSA was 3.88 ng/mL; mean PSAdt was 2.46 months; and 
mean PSA was 6.94 ng/mL/year [54]. Four out of 10 patients showed a single 
lesion, 5 out of 10 patients showed 2 lesions, and | patient showed multiple lymph 
node lesions [54]. 

Castellucci assessed which factors may influence (11)C-choline PET/CT detec- 
tion rate recurrent prostate cancer (PCa) for salvage radiation therapy (S-RT) in an 
early phase of biochemical relapse, to select which patients could obtain the most 
benefit by performing restaging (11)C-choline PET/CT before S-RT [55]. (11) 
C-choline PET/CT was positive in 28.4% of patients (172/605) [55]. Eighty-three of 
605 patients were positive in the pelvis (group A), distant metastasis (group B) were 
detected in 72 of 605 patients, and local and distant sites of relapse were detected in 
17 of 605 patients (group C) [55]. A multivariate analysis, PSA, PSA doubling time 
(PSAdt), and ongoing ADT were significant predictors for positive scan results, 
whereas PSA and PSAdt were significantly related to distant relapse detection 
(p < 0.05) [55]. At the receiver operating characteristic analysis, a PSA value of 
1.05 ng/mL and PSAdt of 5.95 mo were determined to be the optimal cutoff values 
in the prediction of a positive (11)C-choline PET/CT scan, with an area under the 
curve (AUC) of 0.625 for PSA and 0.677 for PSAdt [55]. 

Lépinoy described the pattern of nodal relapse with (18)F-fluoro-choline (FCH) 
Positron Emission Tomography/Computerized Tomography (PET/CT) in prostate 
cancer patients after radiotherapy [56]. Fourteen patients (45.2%) had a relapse out- 
side the CTVRTOG [56]. Of the 17 patients with a positive node inside the 
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CTVRTOG, 15 had a single node (88.2%) while 7 patients out of the 13 evaluable 
patients (53.9%) who had a relapse outside the CTVRTOG had 22 positive nodes 
on FCH PET/CT (OR = 8.75, [95% CI: 1.38-54.80], p = 0.020) [56]. Relapses that 
occurred outside the CTVRTOG involved the proximal common iliac (19.3%) and 
lower periaortic nodes (19.3%) up to L2—L3 [56]. 

Cimitan evaluated the potential of PET/CT and [(18)F]fluoromethylcholine 
(FCH) in the assessment of suspected recurrence of prostate cancer after treatment 
[57]. Of the 100 patients, 54 (PSA 0.22—511.79 ng/mL) showed positive FCH PET/ 
CT scans [57]. Thirty-seven patients had bone and/or abdominal lymph node uptake, 
while 17 showed pelvic activity [57]. Malignant disease was confirmed in all but 
one [57]. Delayed SUV(max) of bone metastases was significantly higher 
(p < 0.0001 by paired t-test) than that measured at <15 min, whereas no differences 
were observed between early and delayed SUVs of malignant lymph nodes or pel- 
vic disease [57]. Forty-six patients (PSA 0.12—14.3 ng/mL) showed negative FCH 
PET/CT scans [57]. Of the negative PET/CT scans, 89% were obtained in patients 
with serum PSA <4 ng/mL and 87% in patients with a Gleason score <8 [57]. 

Ceci investigated the clinical impact of (11)C-choline PET/CT on treatment 
management decisions in recurrent prostate cancer (rPCa) after radical therapy [58]. 
Changes in therapy after (11)C-choline PET/CT were implemented in 70 of the 150 
patients (46.7%). A major clinical impact was observed in 27 patients (18%) and a 
minor clinical impact in 43 (28.7%) [58]. (11)C-choline PET/CT was positive in 
109 patients (72.7%) detecting local relapse (prostate bed and/or iliac lymph nodes 
and/or pararectal lymph nodes) in 64 patients (42.7%) [58]. Distant relapse (para- 
aortic and/or retroperitoneal lymph nodes and/or bone lesions) was seen in 31 
patients (20.7%), and both local and distant relapse in 14 (9.3%) [58]. A significant 
difference was observed in PSA level and PSA kinetics between PET-positive and 
PET-negative patients (p < 0.05) [58]. In multivariate analysis, PSA level, PSA dou- 
bling time, and ongoing ADT were significant predictors of a positive scan 
(p < 0.05). In statistical analysis, no significant differences were observed between 
the Bologna and Wiirzburg patients (p > 0.05) [58]. In both centres the same criteria 
to validate PET-positive findings were used: in 17.3% of patients by histology and 
in 82.7% of patients by correlative imaging and/or clinical follow-up (follow-up 
mean 20.5 months, median 18.3 months, range 6.2—60 months) [58]. 


9.2.15 The Role of 18 FDG PET in Prostate Cancer Recurrence 


Wondergem evaluated the lesion detection efficacy of '"F-DCFPyL PET/CT in 
patients with BCR and determine the detection efficacy as a function of their PSA 
value [59]. In 214 out of 248 PET/CT scans (86.3%), at least one lesion suggestive 
of cancer recurrence was detected (“positive scan’) [59]. Scan positivity increased 
with higher PSA values: 17/29 scans (59%) with PSA values <0.5 ng/mL; 20/29 
(69%) with PSA 0.5 to <1.0 ng/mL; 35/41 (85%) with PSA 1.0 to <2.0 ng/mL; 
69/73 (95%) with PSA 2.0 to <5.0 ng/mL; and 73/76 (96%) with PSA >5.0 ng/mL 
[59]. Interestingly, suspicious lesions outside the prostatic fossa were detected in 
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39-50% of patients with PSA <1.0 ng/mL after radical prostatectomy (i.e. candi- 
dates for salvage radiotherapy) [59]. 


9.2.16 PSMA PET Versus Choline PET Versus Standard CT 
in Prostate Cancer Recurrence 


Schwenck evaluated consecutive **Ga-prostate-specific membrane antigen (PSMA) 
PET/CT, ''C-choline PET/CT, and standard CT imaging in the same patient with 
regard to TNM-stage migration and accordingly adapted curative radiotherapy 
options including ablative treatment of oligometastases (n < 5) [60]. Both PET 
examinations led to concordant results in 72% of patients, whereas the concordance 
of TNM staging between °Ga-PSMA PET and diagnostic CT was only 36% [60]. 
°83Ga-PSMA PET staging enabled new curative options in half the patients with 
previous radiotherapy who otherwise receive palliative androgen deprivation ther- 
apy [60]. 


9.2.17 MRI Versus Choline PET in Biochemical Recurrence 
of Prostate Cancer 


Quero assessed the value of combining MRI and F-fluorocholine (FCH) PET/CT 
for patients with a biochemical relapse (BR) after prostate radiotherapy or brachy- 
therapy [61]. Initial treatment was external beam radiation therapy (EBRT; n = 40), 
surgery followed by EBRT (n = 11), or brachytherapy (n = 14). Gleason score was 
6 in 23 patients, 7 in 35 patients, and 8—10 in 7 patients [61]. Determination of 
relapse location was identified in 46 patients (70.7%). Relapses were only local in 
24 patients (37%), nodal in 16 (24.6%), and distant in 9 (14%) [61]. In four cases, 
MRI showed a local relapse not seen by FCH PET/CT. Among the 24 patients with 
an isolated local relapse, 13 underwent a confirmatory biopsy and 9 were positive 
[61]. At the end, only seven patients (11%) could have a salvage local treatment: 
cryotherapy of the prostate in six cases and one nodal EBRT [61]. 

Kanoun [62] compared the diagnostic performance of '*F-fluorocholine positron 
emission tomography/computed tomogr(111)aphy (FCH-PET/CT), multiparamet- 
ric prostate magnetic resonance imaging (mpMRI), and a combination of both tech- 
niques for the detection of local recurrence of prostate cancer initially treated by 
radiation therapy [62]. The median prostate-specific antigen value at the time of 
imaging was 2.92 ng/mL. The mean prostate-specific antigen doubling time was 
14 months [62]. Of the 32 patients, 31 had a positive 3D-transperineal mapping 
biopsy for a local relapse. On a patient-based analysis, the detection rate was 71% 
(22 of 31) for mpMRI and 74% (23 of 31) for FCH-PET/CT. On a segment-based 
analysis, the sensitivity and specificity were, respectively, 32% and 87% for mpMRI, 
34% and 87% for FCH-PET/CT, and 43% and 83% for the combined analysis of 
both techniques [62]. Accuracy was 64%, 65%, and 66%, respectively [62]. The 
interobserver agreement was k = 0.92 for FCH-PET/CT and k =0.74 for mpMRI [62]. 
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9.2.18 Choline PET Versus ACE PET in the Restaging 
of Recurrence Prostate Cancer 


Lamanna [63] assessed the intraindividual performance of F-fluorocholine (FCH) 
and C-acetate (ACE) PET studies for restaging of recurrent prostate cancer (PCa). 
The detection rate for ACE was 66% and for FCH was 60% [63]. Results were con- 
cordant in 79% of the cases (26/33) and discordant in 21% (retroperitoneal, n = 5; 
pararectal, n = 1; and external iliac nodes, n = 1) [63]. After a median FU of 
41 month(112)s (n = 32, | patient lost to FU), the site of relapse was correctly iden- 
tified by ACE and FCH in 53% (17/32) and 47% (15/32) of the patients, respectively 
(2 Mla patients ACE+/FCH-), whereas, in 6 of 32 patients, the relapse was not 
localized [63]. Treatment approach was changed in 11 (34.4%) of 32 patients and 9 
(28%) of 32 patients restaged with ACE and FCH PET, respectively [63]. 


9.2.19 GRPr-PET in Biochemical Recurrence of Prostate Cancer 


Wieser explored the value of GRPr-PET using the Ga-labelled GRPr antagonist 
RM2 in a selected population of patients with biochemically recurrent PCa and a 
negative/inconclusive 'SFECH-PET/CT [64]. °Ga-RM2-PET/CT showed at least 
one region with focal pathological uptake in 10/16 patients (62.5%), being sugges- 
tive of local relapse (n = 4), lymph node metastases (LNM; n = 4), bone metastases 
(n = 1), and lung metastasis with hilar LNM (n = 1) [64]. Seven of ten positive °*Ga- 
RM2 scans were positively confirmed by surgical resection and histology of the 
lesions (n = 2), by response to site-directed therapies (nm = 2) or by further imaging 
(n = 3) [64]. Patients with a positive °*Ga-RM2-scan showed a significantly higher 
median PSA (6.8 ng/mL, IQR 10.2 ng/mL) value than those with a negative scan 
(1.5 ng/mL, IQR 3.1 ng/mL; p = 0.016) [64]. Gleason scores or concomitant anti- 
hormonal therapy had no apparent impact on the detection of recurrent disease [64]. 


9.2.20 ACE PET in Detection of Recurrent Prostate Cancer 


Almeida localized the site of recurrence. ''C-Acetate PET/CT was performed in 
patients with rising PSA, with statistical analysis of detection rates, sites/location of 
detection, PSA kinetics, and comparison with other tracers (FDG and Choline) [65]. 
Correlation to biopsy, subsequent imaging, and PSA response to focal treatment 
were also performed [65]. Eighty-eight per cent (637) of 721 ''C-Acetate PET/CT 
scans performed were positive [65]. There was a statistically significant difference 
in PSA values between the positive and negative scans (p < 0.001 for mean differ- 
ence) with the percentage of positive scans and PSA having a positive correlation 
[65]. A PSA of 1.09 ng/mL was found to be an optimal cutoff. PSAdT was signifi- 
cantly correlated with a positive scan only when the PSA was <1.0 ng/mL [65]. For 
this subgroup, a PSAdT of <3.8 months appeared significant (p < 0.05) as an opti- 
mal cutoff point [65]. ''C-Acetate PET/CT demonstrates a high detection rate for 
the site of recurrence/metastasis in biochemical relapsed prostate cancer (88% 
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overall detection rate, PPV 90.8%) [65]. This analysis suggests an optimal PSA 
threshold of >1.09 ng/mL or a PSAdT of <3.8 months when the PSA is below 
1.0 ng/mL as independent predictors of positive findings [65]. 

Albrecht investigated the diagnostic potential of (11)C-acetate PET in the early 
detection of prostate cancer recurrence [66]. PET showed local recurrences in 14/17 
patients and two equivocal results [66]. Distant disease was observed in six patients 
and an equivocal result was obtained in one. Endorectal MRI was positive in 12/12 
patients [66]. Biopsy confirmed local recurrence in six of six (100%) patients [66]. 
PET was positive in five of the six patients with biopsy-proven recurrences, the 
result in the remaining patient being equivocal [66]. 


9.2.21 Choline PET Versus ACE PET for Recurrent Prostate Cancer 


Buchegger presents a comparison of (18)F-Fluorocholine (FCH) and (11)C-acetate 
(ACE) PET for detection (117) of recurrent prostate cancer (PC) [67]. PET results 
were concordant in 88 out of 92 local, regional, and distant findings (Cohen’s kappa 
0.929) [67]. In particular, results were concordant in all patients concerning local 
status, bone metastases, and distant findings [67]. Lymph node results were concor- 
dant in 19 patients and different in 4 patients. On a per-patient basis, results were 
concordant in 22 of 23 patients (14 positive, 5 negative, and 3 equivocal) [67]. In 
only one patient was ACE PET/CT-positive for nodal metastases while FCH PET/ 
CT was overall negative; interestingly, the ACE-positive and FCH-negative lymph 
nodes became positive in a second FCH PET/CT scan performed a few months 
later [67]. 


9.2.22 SPECT CT Versus PSMA PET in Recurrence 
of Prostate Cancer 


Rauscher evaluated the detection efficiency of In-PSMA-I&T SPECT/CT in com- 
parison to hybrid Ga-PSMA HBED-CC PET in patients with early recurrent pros- 
tate cancer [27]. In-PSMA I&T SPECT/CT detected 14 of 29 PET-positive lesions 
(48.3%) with no additional lesions identified with In-PSMA I&T SPECT/CT [27]. 
There was a significant weak to moderate correlation of PSA level with tumour-to- 
background ratio of In-PSMA I&T SPECT/CT (correlation coefficient r = 0.6406; 
95% confidence interval, 0.1667—0.8741; p = 0.0136) [27]. There was no significant 
difference (p > 0.05), but a weak trend towards a higher detectability in In-PSMA 
I&T SPECT/CT regarding lesion size and initial PSA level [27]. 


9.3. Conclusions 
There are a significant number of roles PET imaging has to play in the salvage set- 


ting from diagnostics in prostate cancer recurrence, to radiotherapy mapping and 
assessment of salvage surgery, be it prostatectomy or lymphadenectomy. 
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Salvage radiotherapy is defined as the administration of RT to the prostatic bed and 
possibly to the surrounding tissues, including lymph nodes, in a patient with a PSA 
recurrence after surgery but no evidence of distant metastatic disease. Adjuvant RT 
(ART) is the administration of RT post-RP to patients at a higher risk of recurrence 
because of adverse pathological features prior to evidence of disease recurrence. 

A number of observational studies have been published reporting on the out- 
comes for SRT and ART patients. A recent update of AUA ASTRO Guidelines [1] 
found that these studies lack randomisation and differed in patient characteristics, 
RT protocols, failure definitions, and duration of follow-up. In addition, most of the 
published literature reported findings from the use of older RT techniques. Thus, the 
impact of newer techniques is not yet known. The Radiotherapy and Androgen 
Deprivation In Combination After Local Surgery (RADICALS) trial (MRC PR1O, 
NCIC PR13) is currently examining whether ART before recurrence is better than 
SRT “after” detection of recurrence. 

Preliminary results from RADICALS [2] showed no difference in progression- 
free survival, between ART and early SRT (PSA<0.2). No data have yet been pre- 
sented regarding the use and duration of hormone therapy. 

The findings were confirmed in a collaborative meta-analysis, combining results 
of RADICALS with two similar trials, RAVES and GETUG-AFU17 [3]. 
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10.1 Impact of Post-operative RT in Patients 
with Persistent PSA 


The benefit of SRT in patients with persistent PSA remains unclear due to a lack of 
RCTs; however, it would appear that men with a persistent PSA do less well than 
men with BR undergoing RT. In a study by Preisser et al. [4] propensity score 
matching was performed to test the impact of SRT, relative to no RT, on OS and CSS 
in patients with persistent PSA. SRT was associated with better OS and CSS 10 
years after RP in the entire cohort, in patients with positive surgical margin, pT3b 
disease, Gleason grade 3—5 disease, and pN1 disease. Moreover, in multivariable 
models, SRT was associated with lower risk for death (HR: 0.37, p = 0.02) and 
cancer-specific death (HR: 0.12, p < 0.01). Therefore, patients with persistent PSA 
after RP and additional risk factors appear to have a survival benefit from SRT com- 
pared to no RT. 


10.2 Radiotherapy Techniques and Protocols 
in the Post-prostatectomy Patient 


Most of the published literature does not reflect the implementation of newer tissue 
sparing RT modalities such as IMRT which would be expected to result in a more 
favourable side effect profile. Although RT dose-escalation improves freedom from 
biochemical and (possibly) distant metastatic relapse when used as primary treat- 
ment for localised prostate cancer, RCTs have not reported the optimal post-RP RT 
dose. The AUA guideline [1] states that “in the Panel’s view, 64-65 Gy is the mini- 
mum dose that should be delivered post-RP but decisions regarding dose should be 
made by the treating physician who has full knowledge of the patient’s functional 
status, history, and toxicity tolerance’. The intricacies of treatment volume delinea- 
tion and radiation dose planning are beyond the scope of this chapter. A key area of 
concern is the identification of the inferior border of the Clinical Target Volume that 
should be at the level of the vesicourethral anastomosis which is not always easy to 
identify. 


10.3. Androgen Deprivation Therapy 


Based on level 1 evidence, hormone therapy should be offered to patients treated 
with salvage radiotherapy (post-operative PSA >0.20 ng/mL) [1]. Two RCTs evalu- 
ated the effects of hormone therapy on OS and on biochemical and clinical progres- 
sion among participants who received SRT after RP (Table 10.1). The Radiation 
Therapy Oncology Group (RTOG) 9601 trial examined SRT with or without 24 
months of bicalutamide [5]. The GETUG-AFU 16 trial examined SRT with or with- 
out goserelin on day one and 3 months post-RT [6]. 

With a median follow-up of 13 years, RTOG 9601 showed improved OS at 12 
years with 24-months bicalutamide (150 mg) and reduced cumulative incidences of 
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Table 10.1 RCTs comparing salvage radiotherapy combined with androgen deprivation therapy 
vs. Salvage radiotherapy alone 


Study Year | Median FU (mo) | Regimen N Outcome 
GETUG-AFU | 2016 | 63 RT 66 Gy 369 | PFS 80% at 5y 
16 (118) + 

gosereline 


RT66Gy  |374 | PFS 
62% at 5y—p<0.0001 


RTOG 9601 2017 | 156 RT 64.8 Gy | 384 | OS 76% at 12y 
(119) + DM 15% at 12y 
bicalutamide PCaSM 6% at 12y 
RT 64.8Gy |376 | OS 71% at 12y—p=0.04 
DM 
23% at 12y—p=0.005 
PCaSM 


13% at 12y—p<0.001 


RCT=Randomised controlled trial; KU=follow-up; mo=months; n=number of patients; 
RT=radiotherapy; Gy=Gray; [SUP=International Society of Urological Pathology; 
PFS=progression-free survival (biochemical or clinical); yr=years; OS=overall survival; 
DM=distant metastasis; PCaSM=Prostate cancer-specific mortality; p = p value 


distant metastasis, death attributed to prostate cancer, and second biochemical 
recurrence. Although RTOG 9601 was not designed to test the effect of bicalu- 
tamide in prespecified subgroups, an overall survival benefit was observed in 
patients with Gleason 7, PSA level at trial entry of >1.5 ng/mL, and those with posi- 
tive surgical margins. With a median follow-up of 5 years, GETUG-AFU 16 docu- 
mented significant improvements in freedom from disease progression in all 
prognostic subgroups. There was however no difference in OS at 5 years, albeit the 
study was designed to detect differences 10 years post-RT. Further clinical trials are 
underway to confirm whether, when, for how long, and in what form hormone ther- 
apy should be administered 


10.4 Treatment Outcomes 
10.4.1 Oncological Outcomes 


Early SRT at low PSA levels after RP is associated with improved freedom from 
biochemical failure (FFBF) and distant metastases (DM). Contemporary nomo- 
grams can estimate individual patient outcomes after SRT in the modern era [7]. 
One such predictive nomogram used data from 2460 node-negative patients with a 
detectable PSA post-RP treated with SRT with or without androgen deprivation 
therapy (ADT) from 10 academic institutions [8]. The 5-year FFBF rate was 56% 
overall, 71% for those with a pre-SRT PSA level of 0.01—0.2 ng/mL (n = 441), 63% 
for those with a PSA of 0.21—0.50 ng/mL (n = 822), 54% for those with a PSA of 
0.51—-1.0 ng/mL (n = 533), 43% for those with a PSA of 1.01—2.0 ng/mL (n = 341), 
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and 37% for those with a PSA >2.0 ng/mL (n = 323). On multivariable analysis, 
pre-SRT PSA, GS, EPE, SVI, surgical margins, ADT use, and RT dose were associ- 
ated with FFBF. Pre-SRT PSA, GS, SVI, surgical margins, and ADT use were asso- 
ciated with DM, whereas EPE and SRT dose were not. 


10.4.2 Toxicity 


Treatment-related toxicity from two RCTs is summarised in Table 10.2. 


10.4.3 Quality of Life (QoL) 


GETUG-AFU 16 reported no significant differences in QoL from baseline using the 
EORTC QLQ-C30 and QLQ-PR25 instruments at | and 5 years after treatments [8]. 
RTOG 9601 [5] did not report on QoL. A recent prospective study with modern 
radiotherapy techniques used the Expanded Prostate Cancer Index Composite 
(EPIC-26) QoL instrument [9]. IMRT was given with adjuvant (8%) or salvage 
(92%) intent, with or without androgen deprivation therapy. Overall, 199 men were 
identified with a median follow-up of 33 months. Urinary function (UF), bowel 
function (BF), sexual function (SF), and urinary irritation/obstruction (UI/UO) 
scores were greater than an estimated minimally clinically important difference 
(MCID). Between 8% and 18% of men experienced a small multidomain (1 X 
MCID) decline, and 0-8% experienced a moderate multi-domain decline (2 X 
MCID) at a given time point up to 84 months after RT. 


10.4.4 Salvage Radical Prostatectomy 


Salvage radical prostatectomy (SRP) is a therapeutic option after primary radio- 
therapy for prostate cancer. However, adverse events after salvage are increased 
when compared to primary surgery due to the risk of fibrosis and poor wound heal- 
ing secondary to radiation effects. In a single-centre series in the literature, only 
small numbers of patients are reported. The largest systematic review [10] showed 
that SRP provided 5- and 10-year BCR-free survival estimates ranging from 47 to 
82% and from 28 to 53%, respectively. The 10-year CSS and OS rates ranged from 
70 to 83% and from 54 to 89%, respectively. The pre-SRP PSA value and prostate 
biopsy ISUP grade were the strongest predictors of the presence of organ-confined 
disease, progression, and CSS. 

Compared to primary open RP, SRP is associated with a higher risk of later anas- 
tomotic stricture (47 vs. 5.8%), urinary retention (25.3% vs. 3.5%), urinary fistula 
(4.1% vs. 0.06%), abscess (3.2% vs. 0.7%), and rectal injury (9.2 vs. 0.6%). 
Functional outcomes are also worse compared to primary surgery, with urinary 
incontinence ranging from 21% to 90% and ED in nearly all patients [11]. In a more 
recent series, these complications appear to be less common [10]. 


119 


10 Salvage Radiotherapy 


‘eyseMmosoeuAH=WodseuAH = ‘[eoIsOTOIRMORY="JeWIaRY «= SAMIOIXOT="xXOT, ‘uonounysAp 


aTGuIIeAR JON=VN ‘Adesroyoipey= Ty 
jenxos="Jshq’xoS = ‘JeuNSoJUIONSeH=[H = ‘Areutoywuen=9H 


(rel (20) (SO (C)E0 a ot oe (b)8°0 

(S)E0 (ZZ) (Eso (Z)8'0 VN VN VN (€)9| (EET sooudIoyIp quo? LY (611) 
(PET (CLE (+)0 (€)8°0 a re ae (PEO)  MOYIM sanTorxo} | oprureynyeog 1096 
(hes (Z)rz| (S91 (Z)9'T VN VN VWN| (€)L| (OZ Z-1D Ayueutig + 14 DOLN 


VN Se ee ee ee (811) 


UITOTOSOL) 9T NAV 
oats ‘XO, | ‘XO], JOATT aaa soysnfy 10H | ‘Jshq *xaS WI—y Apms 


(pein) | (epeip) souaprout % 
DOUSPIOUL % 
ae] 









QUOTe [AS SNSIIA LGV UUM LYS JO} LOY Ul sd asJOApe poyejos-JUSUNeIIT, Z'OL aIqey 


120 C. Perna et al. 


References 


1. ASTRO/AUA Guideline. Adjuvant and salvage radiotherapy after prostatectomy. 2013, 
amended 2018 & 2019. https://www.auanet.org/guidelines/prostate-cancer-adjuvant-and-sal- 
vage-radiotherapy-guideline. Accessed Sept 2019. 

2. Parker C, Clarke NW, Cook A, Kynaston HG, Meidahl Petersen P, Cross W, et al. 
LBA49_PRTiming of radiotherapy (RT) after radical prostatectomy (RP): first results 
from the RADICALS RT randomised controlled trial (RCT) [NCT00541047]. Ann Oncol. 
2019;30(Supplement_5),dx. https://doi.org/10.1093/annonc/mdz394.042. 

3. Vale CL, Brihoum M, Chabaud S, Cook A, Fisher D, Forcat S, et al. LBA48_PRAdjuvant or 
salvage radiotherapy for the treatment of localised prostate cancer? A prospectively planned 
ageregate data meta-analysis. Ann Oncol. 2019;30(Supplement_5). 

4. Preisser F, Chun FKH, Pompe RS, Heinze A, Salomon G, Graefen M, et al. Persistent prostate- 
specific antigen after radical prostatectomy and its impact on oncologic outcomes. Eur Urol. 
2019;76(1): 106-14. 

5. Shipley WU, Seiferheld W, Lukka HR, Major PP, Heney NM, Grignon DJ, et al. Radiation 
with or without antiandrogen therapy in Recurrent Prostate Cancer. N Engl J Med. 
2017;376(5):417-28. 

6. Carrie C, Hasbini A, de Laroche G, Richaud P, Guerif S, Latorzeff I, et al. Salvage radiotherapy 
with or without short-term hormone therapy for rising prostate-specific antigen concentration 
after radical prostatectomy (GETUG-AFU 16): a randomised, multicentre, open-label phase 3 
trial. Lancet Oncol. 2016;17(6):747—56. 

7. Prostate Cancer Risk Calculator 2019. http://riskcalc.org/ProstateCancerAfterRadical 
ProstatectomyNew/ 

8. Tendulkar RD, Agrawal S, Gao T, Efstathiou JA, Pisansky TM, Michalski JM, et al. 
Contemporary update of a multi-institutional predictive nomogram for salvage radiotherapy 
after radical prostatectomy. J Clin Oncol. 2016;34(30):3648—54. 

9. Akthar AS, Liao C, Eggener SE, Liauw SL. Patient-reported outcomes and late toxicity after 
postprostatectomy intensity-modulated radiation therapy. Eur Urol. 2019;76:686—92. 

10. Chade DC, Eastham J, Graefen M, Hu JC, Karnes RJ, Klotz L, et al. Cancer control and 
functional outcomes of salvage radical prostatectomy for radiation-recurrent prostate cancer: a 
systematic review of the literature. Eur Urol. 2012;61(5):961-71. 

11. Gotto GT, Yunis LH, Vora K, Eastham JA, Scardino PT, Rabbani F. Impact of prior prostate 
radiation on complications after radical prostatectomy. J Urol. 2010;184(1):136—42. 


Sanchia S. Goonewardene, Raj Persad, David Albala, 
and Declan Cahill 


11.1 Research Methods 


A systematic review relating to salvage therapy for prostate cancer was conducted. 


® | 


| Check for 


updates | 


This was to identify the role of predictors of recurrence in salvage therapy. The 
search strategy aimed to identify all references related to Salvage Cryotherapy AND 
prostate cancer. Search terms used were as follows: (Salvage therapy) AND (pros- 
tate cancer) AND (Cryotherapy). The following databases were screened from 1989 


to FEB 2020: 


¢ CINAHL 

e MEDLINE (NHS Evidence) 
e Cochrane 

e AMed 

¢ EMBASE 

e PsychINFO 

¢ SCOPUS 

e Web of Science 
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Potentially relevant studies to be 
included in the systematic review 





¢ Potentially relevant 
studies identified through 
database searching and 
their titles & abstracts 
independently screened 


e Papers excluded as not 
related to search terms 
(n = 0) 


for analysis (n = 26) 










e Studies excluded with 
reasons; either duplicates, 
not conforming to 

eligibility criteria (n = 186) 





by 2 reviewers (n = 202) 


Potentially relevant studies identified 
through other sources & 
Tare{=y el=Yae(=Yad\varsxelc=\=1al10 Mo)’ ar-4 
reviewers (n = 0) 


Potentially relevant studies to be 
included in the systematic review 
for analysis (n = 26) 





Fig. 11.1 Flow chart of studies identified through the systematic review (adapted from 
(16) PRISMA) 


In addition, searches using Medical Subject Headings (MeSH) and keywords 
were conducted using Cochrane databases. Two UK-based experts in bladder can- 
cer were consulted to identify any additional studies. 

Studies were eligible for inclusion if they reported primary research focusing on 
Salvage cryotherapy and Prostate Cancer. Papers were included if published after 
1984 and had to be in English. Studies that did not conform to this were excluded. 
Only primary research was included (Fig. 11.1). The overall aim was to identify 
predictors of recurrence in salvage therapy for prostate cancer. 

Abstracts were independently screened for eligibility by two reviewers and dis- 
agreements resolved through discussion or third-party opinion. Agreement level 
was calculated using Cohen’s Kappa to test the intercoder reliability of this screen- 
ing process (15). Cohens’ Kappa allows comparison of inter-rater reliability between 
papers using relative observed agreement. This also takes account of the compari- 
son occurring by chance. The first reviewer agreed all 26 papers to be included, the 
second, agreed on 26. Cohens kappa was therefore 1.0 [1]. 

Data extraction was piloted by the researcher and amended in consultation 
with the research team (author and two academic supervisors). Data collected 
included authors, year and country of publication, study aims, setting, interven- 
tion aims, number of participants, study design, intervention components and 
delivery methods, comparison groups and outcome measures, notes and follow-up 
questions for the authors. Studies were quality assessed using the PRISMA crite- 
ria (16) for randomized controlled trials, Mays et al. (17) [2, 3] (154)(153) for the 
action research and qualitative studies and the Critical Skills Appraisal programme 
for cohort studies. This was also applied to randomized controlled trials and quali- 
tative studies. 

The search identified 202 papers (Fig. 11.1). All 26 out of 212 mapped to the 
search terms and eligibility criteria. The current systematic reviews were examined 
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to gain further knowledge about the subject. One hundred and eighty-six papers 
were excluded due to not conforming to eligibility criteria or adding to the evidence. 
Of the 26 papers left, relevant abstracts were identified and the full papers obtained 
(all of which were in English), to quality assure against search criteria. There was 
considerable heterogeneity of design among the included studies; therefore, a nar- 
rative review of the evidence was undertaken. There was significant heterogeneity 
within studies, including clinical topic, numbers, outcomes, as a result, a narrative 
review was thought to be best. There were 26 cohort studies, with a moderate level 
of evidence. These were from a range of countries with minimal loss to follow-up. 
All participants were identified appropriately. 


11.2 Systematic Review Results: Difficulties in Prostate 
Cancer Diagnostics with Salvage Cryotherapy 


De la Taille et al. [4] examined changes in prostate biopsies at different intervals 
after salvage cryotherapy and the effect of biopsy type (transrectal ultrasonography- 
guided vs transurethral resection, TUR), as the sequence and extent of histological 
changes occurring in the prostate after salvage cryotherapy for local failure of pros- 
tate cancer treatment are unknown [4]. Biopsies showed hyalinization, necrosis, 
inflammation, and residual cancer [4]. Hyalinization became predominant over 
time, most notably in biopsies with no residual cancer [4]. Core biopsies showed 
more hyalinization and regenerating glands, while TUR biopsies showed more 
necrosis and inflammation [4]. 

Nyame et al. [5] assessed factors that affect prostate biopsy results following 
salvage whole gland cryoablation [5]. Fifty-two of 174 (29.9%) of this highly 
select group of men who underwent biopsy had a posttreatment biopsy demon- 
strating malignant cancer [5]. Men who had positive biopsy following salvage 
therapy had significantly higher median nadir PSA, shorter median time to pros- 
tate biopsy, and shorter median time to biochemical failure [5]. Compared to the 
lowest tertile (PSA nadir defined as <0.1 ng/ml), PSA in the second tertile 
(O.11—0.8 ng/ml) and third tertile (>0.8 ng/ml) demonstrated increased odds ratio 
(OR) for positive biopsy, 4.34 (95% confidence interval [CI] 1.66, 11.4, p = 0.003) 
and 2.81 (95% CI 1.14, 7.00, p = 0.02), respectively, in adjusted models [5]. In 
addition, men with a presalvage PSA >20 (OR 7.65; 95% CI 2.03, 28.9; p = 0.003) 
and Gleason score >8 (OR 2.26; 95% CI 0.93, 5.47; p = 0.07) had a higher OR of 
positive biopsy [5]. 


11.3. Post Salvage Cryotherapy Histological Findings 
Gooden et al. [6] examined prostate needle core biopsies from a cohort of patients 


following cryotherapy as monotherapy for prostatic adenocarcinoma, to evaluate 
the true spectrum of morphologic changes in the prostate [6]. Postcryotherapy, 11 of 
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30 cases (37%) had recurrent/residual prostatic adenocarcinoma, which showed no 
therapy-related changes, similar to the residual benign glands [6]. Gleason scores 
were higher in 5 (46%) of 11 cases, same in 4 (36%) of 11 cases, and lower in 2 
(18%) of 11 cases [6]. Multiple additional histologic findings were documented [6]. 
Unlike other non-surgical therapeutic modalities, cases with recurrent/residual 
prostatic adenocarcinoma and benign glands showed therapy-related changes pre- 
dominantly involving the stroma [6]. It is therefore conceivable that benign or 
malignant prostatic glands are either completely destroyed during cryotherapy or 
left unaltered if not in the direct field of cryoablation [6]. 


11.4 Outcomes from Salvage Cryotherapy in Prostate Cancer 
after External Beam Radiotherapy and Brachytherapy 


Gevorgyan et al. [7] studied the oncologic and functional results of salvage cryo- 
therapy after failure of external radiotherapy and brachytherapy [7]. The 5-year bio- 
chemical recurrence-free survival (Sy-BRFS) among all patients was 58.1% (IC a 
95% [45.9-68.5]) [7]. Low and intermediate-risk patients (d’ Amico classification) 
were less prone to biochemical recurrence than high risk (81.05% (IC a 95% 
[64.1—90.5]) Sy-BRFS as opposed to 35.09% (IC a 95% [20.1—50.4]) respectively) 
(P<0.0001) [7]. A Gleason score >7 (OR=6.9; P=0.002), PSA nadir >1 ng/ml 
(OR=25.8; P=0.0026) and peri-urethral invasion (OR=35.8; P<0.001) were major 
risk factors for local recurrence in univariate analysis [7]. In multivariate analysis, 
only PSA nadir >1 ng/ml (OR=12.9; P=0.042) and peri-urethral invasion (OR=21.6; 
P=0.0003) remain major risk factors for recurrence [7]. About 13 (16.46%) patients 
were incontinent of which 3 (3.79%) required placement of an artificial urinary 
sphincter [7]. Erectile dysfunction was present 1n 66 (83.5%) patients. The rectoure- 
thral fistula was uncommon in | patient (1.27%) [7]. 

Spiess et al. [8] (123) evaluated the outcomes of salvage cryotherapy in achiev- 
ing the therapeutic ‘bifecta’ consisting of: (1) achieving a postcryotherapy nadir 
serum PSA level of <0.6 ng/ml and (11) no urinary incontinence [8]. The therapeutic 
‘bifecta’ was achieved in 133 of these patients (72.7%) [8]. Of the patients achiev- 
ing the ‘bifecta’, the mean (sd) age at presentation was 71.5 (6.6) years [8]. Most 
patients (91%) had a baseline presalvage total serum PSA level of <10 ng/ml and a 
pretreatment biopsy Gleason score of <8 (85%) [8]. 

Spiess et al. [9] evaluated the outcomes of salvage cryotherapy for locally recur- 
rent prostate cancer within the COLD (cryo online data) Registry [9]. Of our entire 
study population, the biochemical disease-free survival (bDFS) rates at 1, 2, and 3 
years were 89.0, 73.7, and 66.7%, respectively [9]. Stratification of our patients into 
two subgroups is based on their pretreatment total serum PSA values <5 and >5 ng/ 
ml, and bDFS rates at 3 years for these two subgroups were 78.3 and 52.9%, respec- 
tively [9]. A Kaplan—Meier analysis of bDFS stratified by these same pretreatment 
PSA values revealed that the subset of patients with a PSA > 5 ng/ml had statisti- 
cally significant poorer bDFS rates (P = 0.01) [9]. 
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11.5 Salvage Cryotherapy after Primary Radiotherapy 
for Prostate Cancer 


Kvorning Ternov et al. [10] presented the outcome of patients treated with salvage 
cryotherapy after radiotherapy for prostate cancer at one institution [10]. Clinical 
recurrence (verified with imaging or biopsies) was detected in 13 patients, 6 of 
whom were local [10]. One patient died from prostate cancer [10]. Eleven patients 
had urinary in (126) continence grade 1—2 and three had grade 3-4, seven had pelvic 
pain, three had severe but transitory tissue sloughing, three developed a urethral 
stricture or had prolonged urinary retention, and one developed a urinary fistula 4.5 
years after cryotherapy [10]. 

Li et al. [11] reported contemporary outcomes of salvage focal cryoablation for 
locally recurrent PCa after radiotherapy within the Cryo On-Line Data (COLD) 
Registry [11]. The biochemical disease-free survival rates were 95.3%, 72.4%, and 
46.5% at 1, 3, and 5 years, respectively [11]. Positive biopsies after salvage focal 
cryoablation were observed in four of 14 patients who underwent biopsy (28.6%) 
[11]. Rectourethral fistula was observed in three cases (3.3%) [11]. Urinary reten- 
tion was observed in six cases (6.6%). Incontinence (requiring pad use) was reported 
in five cases (5.5%) [11]. Intercourse was reported in 10 of 20 patients (50%) who 
reported potency before salvage focal cryoablation [11]. 

Safavy et al. [12] identified factors associated with successful salvage cryoablation 
for radiorecurrent prostate cancer [12]. The following factors were independently 
associated with successful cryotherapy: Precryotherapy Gleason score of 3 + 3 or 3 + 
4, low precryotherapy prostate-specific antigen (PSA), low precryotherapy PSA den- 
sity, longer time to PSA nadir after radiotherapy, and low postcryotherapy PSA nadir 
[12]. A postcryotherapy PSA nadir of 0.5 ng/ml or less was associated with a bio- 
chemical progression-free survival of 79.7% at 3 years and 64.7% at 5 years, whereas 
a postcryotherapy PSA nadir above 0.5 was associated with a biochemical progres- 
sion-free survival of 5.6% at 3 years and 0% at 5 years (p < 0.0001) [12]. 

Philippou et al. [13] reviewed the management of recurrent prostate cancer after 
radiotherapy by salvage cryotherapy is presented [13]. The 2-year biochemical 
disease-free survival rate was 58% [13]. The median postcryotherapy PSA nadir 
was 0.20 ng/ml (range 0.005—8.260) [13]. There were no procedure-related or 
cancer-related deaths [13]. Complications included incontinence (10.5%), erectile 
dysfunction (89%), and fistula formation (5.3%) [13]. 

Ismail [14] reported the short- to intermediate-term experience of using salvage 
targeted cryoablation of the prostate (TCAP) for the recurrence of localized prostate 
cancer after radiotherapy [14] There were no operative or cancer-related deaths; the 
5-year actuarial BRFS was 73%, 45%, and 11% for the low-, intermediate-, and 
high-risk groups, respectively [14]. Complications included incontinence (13%), 
erectile dysfunction (86%), lower urinary tract symptoms (16%), prolonged peri- 
neal pain (4%), urinary retention (2%), and rectourethral fistula (1%) [14]. 

Clarke et al. [15] assessed the efficacy, complications, and technical advance- 
ments in salvage cryosurgical ablation of the prostate for recurrent prostate cancer 
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after radiation therapy [15]. A total of 58 patients were evaluated for salvage cryo- 
surgery using an algorithm of capromab pendetide scan and prostate biopsy from 
January 2003 to July 2007 [15]. Forty-seven patients underwent salvage cryosur- 
gery and biochemical recurrence-free survival and complications were retrospec- 
tively reviewed [15]. Seventy per cent of patients achieved a nadir PSA < 0.5 ng/ml 
[15]. Overall, 51% of patients achieved a durable PSA response with a presalvage 
serum PSA < 10 predictive of success [15]. There were no major complications and 
minor complications were few [15]. 

A phase I/II study was done to evaluate the efficacy and complications of salvage 
cryotherapy as a treatment for locally recurrent prostate cancer following full-dose 
radiation therapy and/or systemic therapy [16]. The efficacy of single and double 
freeze-thaw cycles was compared using posttreatment prostate-specific antigen 
(PSA) levels and prostate biopsies as endpoints [16]. Overall, 45 patients (31%) had 
persistently undetectable PSA [16]. Patients with a history of radiation therapy only 
who underwent a double freeze-thaw cycle had a higher negative biopsy rate (93 
versus 71%, p < 0.02) and lower biochemical failure rate (defined as an increase in 
serum PSA of 0.2 ng/ml. above the nadir value, 44 versus 65%, p < 0.03) than those 
who underwent a single freeze-thaw cycle [16]. The main complications of salvage 
cryotherapy were urinary incontinence (73% of the patients), obstructive symptoms 
(67%), impotence (72%), and severe perineal pain (8%) [16]. 


11.6 Side Effects from Salvage Cryotherapy 


Lian et al. [17] presented cryotherapy as salvage treatment for locally recurrent 
prostate cancer after radiation therapy [17]. Mild complications (grades 1 and 2) 
included mild incontinence (9.4%), acute rectal pain (31.3%), hematuria (6.3%), 
scrotal edema (9.4%), urinary tract infection (3.1%), lower urinary tract symp- 
toms (15.6%), and erectile dysfunction (57.1%) [17]. Severe events (grade 3) 
included severe incontinence (3.1%) and urethral sloughing (3.1%) [17]. The rate 
of rectourethral fistula and urinary retention was absent. The 5-year overall sur- 
vival was 92.3% [17]. The 5-year cancer-specific survival was 100% [17]. The 
5-year BRFS rate using the Phoenix definition was 43.5%. A multivariate analysis 
disclosed that PSA at cryoablation was the only predictive factor for biochemical 
recurrence [17]. 

Ghafar et al. [18] reviewed salvage cryosurgery using the argon based 
CRYOCare system (Endocare, Inc, Irvine, California) [18]. The PSA nadir was 
0.1 or less, 1 or less and greater than 1 ng/ml. in 31 (81.5%), 5 (13.2%) and 2 
(5.3%) patients, respectively [18]. Biochemical recurrence-free survival calcu- 
lated from Kaplan—Meier curves was 86% at 1 year and 74% at 2 years [18]. 
Reported complications included rectal pain in 39.5% of cases, urinary tract 
infection in 2.6%, incontinence in 7.9%, hematuria in 7.9%, and scrotal oedema 
in 10.5% [18]. The rate of rectourethral fistula, urethral sloughing, and urinary 
retention was 0% [18]. 
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11.7. Salvage Cryotherapy after Primary Cryotherapy 


Chang et al. [19] reported experience of salvage cryosurgery (SCS) for locally 
recurrent prostate cancer (PCa) after primary cryotherapy [19]. Three patients out of 
twelve were started on hormonal therapy for disease progression at a median post- 
SCS period of 12 months [19]. Two patients underwent repeat cryoablation. Only 
one patient developed mild incontinence after SCS. Urethral sloughing occurred in 
one patient. Only two patients suffered from transient impotence [19]. 

Kongnyuy et al. [20] determined if SFC can delay the use of androgen depriva- 
tion therapy (ADT) in recurrent PCa with low morbidity [19]. A total of 65 patients 
were included and followed for a median of 26.6 (8.0—99.0) months [19]. Thirty- 
one (47.7%) patients did not experience BCR [19]. An even higher number of 
patients (52/65, 80.0%) are yet to receive ADT [19]. Of those who experienced 
BCR [median time to BCR, 17.1 [interquartile range (IQR):11.4—23.3] months], 
22/34 (64.7%) are currently carefully monitored without ADT [19]. Survival analy- 
sis showed a biochemical recurrence-free survival of 48.1 at 1- and 3-year follow- 
up. No patient died/experienced major complications [19]. 

Aminsharifi et al. [21] examined the outcomes of salvage prostate cryoablation 
for managing patients with local recurrence after primary cryotherapy [21]. Whole- 
gland (n = 91; 84.3%) or focal (n = 17; 15.7%) salvage cryoablation after failed 
primary cryosurgery were used [21] (136). Fifty-eight of 108 patients (53.7%) had 
received androgen deprivation therapy (n = 35; 32.4%)/radiotherapy (n = 23; 21.3%) 
before salvage ablation [21]. Two-year and 5-year BCR rates after salvage therapy 
were 28.2% and 48.3%, respectively. In univariate analysis, a higher Gleason score, 
D’ Amico risk category (P < .0001) as well as prostate-specific antigen density 
>0.15 ng/ml/cc (P = .02) before second cryotherapy were significantly associated 
with the risk of BCR [21]. In multivariable analysis, the only significant factor asso- 
ciated with the risk of BCR after the second ablation was a higher presalvage 
D’ Amico risk category (P = .008) [21]. Persistent urinary incontinence (1-4 pads 
per day) in 8 (7.4%), temporary urinary retention in 4 (3.7%), and rectourethral 
fistula in 4 (3.7%) patients were reported | year after second cryoablation [21]. 
During the same period, 13.8% of patients were able to have either spontaneous or 
medication-augmented erections sufficient for intercourse [21]. 


11.8 Outcomes and Toxicity between Salvage Prostatectomy 
and Salvage Cryotherapy 


Vora et al. [22] compared oncologic outcome and toxicity between salvage prosta- 
tectomy and cryotherapy treatments [22] (137). Patients who underwent salvage 
cryotherapy were statistically older with a higher incidence of hypertension than 
our salvage prostatectomy cohort [22]. With a mean follow-up of 14.1 months and 
7.2 months, the incidence of disease progression was 23.5% and 16.7% after sal- 
vage cryotherapy and prostatectomy, respectively [22]. The overall complication 
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rate was also 23.5% versus 16.7%, with the most frequent complication after sal- 
vage cryotherapy being urethral stricture and after salvage prostatectomy being 
severe urinary incontinence [22]. There were no rectal injuries with salvage prosta- 
tectomy and one rectourethral fistula in the cohort after salvage cryotherapy [22]. 


11.9 Predictive Factors for Recurrence 
in Salvage Cryotherapy 


de la Taille et al. [4] evaluated the predictive factors for prostate-specific antigen 
(PSA) recurrence in salvage cryotherapy [4]. Twenty-six patients (60%) reached a 
serum PSA nadir less than 0.1 ng/ml, 16 (37%) had a PSA less than 4 ng/ml, and 1 
(3%) had a PSA less than 10 ng/ml [4]. The bRFS rate was 79% at 6 months and 
66% at 12 months [4]. The bRFS rate was higher for patients who had an undetect- 
able postcryotherapy PSA than for patients who did not reach a PSA of less than 0.1 
ng/ml (73% versus 30%, P = 0.0076) [4]. 

Williams et al. [23] reviewed the survival of patients who underwent salvage 
cryotherapy to the prostate gland for biopsy-proven recurrent prostate cancer and 
establish prognostic indicators [23]. Risk factors for recurrence were presalvage 
prostate-specific antigen (PSA), preradiation, and presalvage Gleason score [23]. A 
PSA nadir >1.0 ng/dl was highly predictive of early recurrence [23]. Salvage cryo- 
therapy led to an acceptable 10-year DFS. Presalvage PSA and Gleason score were 
the best predictors of disease recurrence [23]. A PSA nadir >1 ng/dl following cryo- 
therapy indicated a poor prognosis, and recurrence of disease was universal in these 
patients [23]. 

Spiess et al. [9] assessed the prognostic variables predicting the risk of biochemi- 
cal progression-free survival (bPFS) after salvage prostate whole-gland cryotherapy 
using the Phoenix definition of bPFS [9]. At a mean (range) follow-up of 4.3 
(O0.9-12.7) years, the median (range) postcryotherapy nadir PSA achieved was 0.17 
(O—33.9) ng/ml [9]. On multivariate analysis, predictors of bPFS were nadir PSA 
postcryotherapy and presalvage biopsy Gleason score (P < 0.001 and 0.009, respec- 
tively) [9]. Risk stratification groups (low, intermediate, and high) were developed 
based on the presence of zero, one or two adverse risk factors, the risk factors being 
either a nadir PSA >2.5 ng/ml or biopsy Gleason score >7, with the Kaplan—Meier 
bPFS curves of these risk groups being significantly different (P = 0.02 and <0.001, 
respectively) [9]. 

Izawa et al. [24] (139) identified clinical pretreatment factors associated with 
early treatment failure after salvage cryotherapy [24]. Among patients with a prior 
history of radiation therapy only, the 2-year actuarial disease-free survival (DFS) 
rates were 74% for patients with a precryotherapy PSA less than 10 ng/ml and 28% 
for patients with a precryotherapy PSA more than 10 ng/ml, P <.00001 [24]. The 
DFS rates were 58% for patients with a Gleason score of less than or equal to 8 
recurrences and 29% for patients with a Gleason score greater than or equal to 9 
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recurrences, P <.004 [24]. Among patients with a precryotherapy PSA less than 10 
ng/ml, DFS rates were 74% for patients with a prior history of radiation therapy 
only and 19% for patients with a history of prior hormonal therapy plus radiation 
therapy, P <.002 [24]. 

Spiess et al. [25] evaluated serum PSA level and PSA DT as predictors of salvage 
cryotherapy outcomes in patients being treated for postradiotherapy locally recur- 
rent PCa [25]. There was a statistically significant difference between pre- and post- 
salvage cryotherapy PSA DTs (12.3 months to 5.6 months, respectively; P = .02) 
[25]. A presalvage cryotherapy serum PSA level >10 ng/ml (P = .002) and PSA DT 
< or =16 months (P = .06) were found to predict the subsequent risk of biochemical 
failure [25]. Presalvage PSA and PSA DT can predict biochemical failure of salvage 
cryotherapy, although the predictive value of PSA DT only trended towards signifi- 
cance [25]. The statistically significant difference in pre- and postsalvage cryother- 
apy PSA DTs was reflective of aggressive tumour biology [25]. 

Spiess et al. [26] developed a pretreatment nomogram allowing a prediction of 
the probability of biochemical failure after SC, based on pretreatment clinical fac- 
tors [26]. Overall, the rate of biochemical failure was 66% with a median of 3.4 
years of follow-up [26]. A logistic regression model was used to predict biochem1- 
cal failure. Covariates included serum PSA level at diagnosis, initial clinical T 
stage, and initial biopsy Gleason score [26]. A pretreatment nomogram based on 
several diagnostic variables (serum PSA level at diagnosis, biopsy Gleason grade, 
and initial clinical T stage) was developed and might allow the selection of ideal 
candidates for SC [26]. 

Pisters et al. [27] identified clinical pretreatment factors associated with early 
treatment failure after salvage cryotherapy [27]. Among patients with a prior history 
of radiation therapy only, the 2-year actuarial disease-free survival (DFS) rates were 
74% for patients with a precryotherapy PSA less than 10 ng/ml and 28% for patients 
with a precryotherapy PSA more than 10 ng/ml, P <.00001 [27]. The DFS rates 
were 58% for patients with a Gleason score of less than or equal to 8 recurrences 
and 29% for patients with a Gleason score greater than or equal to 9 recurrences, P 
<.004 [27]. Among patients with a precryotherapy PSA less than 10 ng/ml, DFS 
rates were 74% for patients with a prior history of radiation therapy only and 19% 
for patients with a history of prior hormonal therapy plus radiation therapy, P 
<.002 [27]. 

Greene et al. [28] determined nadir prostate-specific antigen (PSA) after salvage 
cryotherapy to distinguish patients who are potentially cured from those at risk for 
subsequent biochemical and biopsy proved failure [28]. In 59 of the 146 patients 
(40%), PSA decreased to an undetectable level within a median of 3 months [28]. In 
85 of the 109 patients (78%) who underwent biopsy, the specimens were negative 
for cancer [28]. Low serum PSA nadir values were associated with low pretreatment 
PSA and a low incidence of biochemical failure [28]. In 6 of 60 patients (10%) in 
whom PSA nadir was 0.5 ng/ml. or less and in 18 of 49 (37%) with a higher PSA 
nadir biopsy was positive for cancer [28]. 
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11.10 Clinical Factors Associated with Suboptimal 
Salvage Cryotherapy 


Izawa determined the clinical variables associated with inadequate salvage cryo- 
therapy and to correlate the disease-free survival rates associated with biopsy results 
in prostate cancer (CaP) [29]. The number of cryoprobes and freeze-thaw cycles 
correlated with inadequate cryotherapy (p = 0.037 and p = 0.0022, respectively) 
[29]. The number of freeze-thaw cycles was an independent predictor of inadequate 
cryotherapy (p = 0.003) [29]. The finding of cancer cells in the biopsy specimens 
was the only histopathologic variable that affected disease-free survival (p = 0.016) 
[29]. Complete ablation of the prostate gland and tumour is difficult to achieve with 
salvage cryotherapy [29]. To optimize for complete ablation, salvage cryotherapy 
should include at least two freeze-thaw cycles and a minimum of five cryoprobes 
[29]. The finding of atypical or normal epithelial tissue in biopsy specimens after 
salvage cryotherapy is not predictive of biochemical failure [29]. 


11.11 Patient Reported Outcome Measures in Prostate Cancer 


Anastasiadis et al. [30] compared health-related quality of life (QoL) as well as 
prostate-associated symptoms in patients after salvage cryoablation [30]. Urinary 
symptoms, which were significantly more severe in the salvage group (p=0.001) 
[30]. Incontinence rates were 10% in the salvage group [30]. Severe erectile dys- 
function was reported in 90%. This demonstrates that, in selected patients, cryo- 
therapy is a treatment option that has a functional outcome comparable to 
traditionally used prostate cancer treatments [30]. 

Perrotte et al. [31] evaluated patient quality of life after salvage cryotherapy and 
correlate complications impairing quality of life with specific cryotherapy treatment 
parameters [31]. Of 150 surveys, 112 (74%) were returned [31]. Treatment without 
an effective urethral warming catheter was highly associated with urinary inconti- 
nence (p<0.003), perineal pain (p<0.001), tissue sloughing (p<0.003), and American 
Urological Association symptom score greater than 20 (p<0.004) [31]. Impotence 
was higher in the double freeze-thaw cycle group (p<0.05). Overall satisfaction 
with cryotherapy was 33% [31]. 
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12.1. Introduction 


For a long time, the treatment options for localized prostate cancer (PCa) were 
active treatment, radical prostatectomy (RP) or radiotherapy (RT), which have 
excellent oncologic outcomes, however, associated to considerable complications 
rates, especially erectile dysfunction (ED) and urinary incontinence (UI), worsen- 
ing quality of life (QoL). 

Over the past few decades, active surveillance (AS) has spared select low-risk 
patients from complications of whole gland treatments without compromising 
oncologic outcomes. Nonetheless, radical treatments are still the main option for 
patients not suitable for AS [1]. 

New technologies like prostate mapping biopsies and multiparametric magnetic 
resonance imaging (mpMRI) have developed more accurate methods to identify 
cancer focus within the prostate and provided a better understanding of clinically 
significant PCa [2]. 

Focal Therapy (FT) is an alternative for localized PCa management in low- and 
intermediate-risk patients. The main goal is maintaining good cancer control with 
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the same safety and oncological outcomes of whole gland treatment without or less 
side effects [3]. 

So far, international guidelines only recommend focal therapy as an experimen- 
tal treatment within a clinical trial setting. It is offered neither as first-line treatment 
for localized PCa nor as salvage therapy. This is mainly due to the paucity of long- 
term high-quality studies, lack of knowledge about the behaviour of prostate tissue 
left behind and about which patients may benefit most from this therapy [4, 5]. 

About 60-90% of PCa patients have multifocal disease [6]; however, an index dom- 
inant lesion is supposed that drives tumour behaviour and can be localized through 
mpMRI with a specificity of 88% and sensitivity of 74% [7] Usually, the index lesion 
is the largest focus of PCa and with the highest Gleason score among other lesions and 
generally predicts oncological outcomes. Metastatic disease is supposed to originate 
from its clones, leading us to believe that by eliminating the index lesion with FT and 
sparing maximum prostate tissue, it is possible to achieve good long-term oncological 
and functional outcomes and excellent cancer-free rates (80-90%) [8]. 

Whilst the number of treated patients 1s rising, the urologist will have to face FT 
failures. A systematic review showed that 2350 patients were treated with FT until 
2014 [9] and only after 2 years the same author showed an increase of around 30% 
[10]. Currently, physicians are increasingly the use and evaluation of FT, a recent 
survey in the European urological community assessed that over than 50% of 
respondents would suggest and have access to FT [11]. Therefore, it is important to 
well select patients, standardize failure definition and determine the best alterna- 
tives for recurrence after FT. 


12.2 Selection of Patients for Focal Therapy 


It is important to evaluate properly the index lesion to better select patients for FT. It 
is mandatory to perform a mpMRI to evaluate the tumour grade and its extent. Many 
patients are reclassified due to subsampling of significant cancer at initial biopsy. 
Therefore, it is recommended a targeted biopsy in addition to systematic cores 
before FT [7]. Pre-treatment transurethral prostatic resection must be offered when 
the prostate volume is greater than 50cc [12, 13]. Prospective randomized trials are 
still needed to better define the selection criteria for FT. Currently, those criteria are 
usually adopted. [14, 15] 


— PSA <15 ng/ml 

— Gleason 7 (3+4) or less 

— T2cNOMO or less 

— Life expectancy >10 years 

— mpMRI pre-FT for all patients 

— Transperineal template mapping or systematic whole gland biopsy transrectal 
ultrasound (TRUS) guided and adding targeted (imaging or fusion) lesions previ- 
ously identified on mpMRI. 
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12.3. Definition and How Focal Therapy is Performed 


Focal therapy is defined as ablation of index lesion and its surroundings warranting 
a minimum 10 mm safety margin [7, 16]. 

FT aims to preserve the maximum functional prostatic tissue with the possibility 
of retreatment if needed and minimize damage to the rectum, neurovascular bun- 
dles, external urethral sphincter and bladder neck [17]. The modalities are zonal 
ablation, hemiablation (minimize the risk of safety margin and standardizable strat- 
egy), and target ablation (preserve maximum prostate tissue) [18] 

Currently, FT has been delivered through several sources of energy: high- 
intensity focused ultrasound (HIFU), cryotherapy, vascular-targeted photodynamic 
therapy (VTP), focal laser ablation (FLA), irreversible electroporation (IRE) and 
brachytherapy. [9] 

Each one differs according to the type of energy used, equipment and access to 
prostate tissue. The most used ones which have the most trials are HIFU and cryo- 
therapy. The features of all devices are summarized [19-21] (Table 12.1). 


12.4 Prostate-Specific Antigen, mpMRI and Prostatic 
Biopsies for Follow-up After Focal Therapy 


Patients undergoing FT should be evaluated for the effectiveness of cancer control 
and functional outcomes. Initially, Phoenix (post-radiotherapy) and Stuttgart cri- 
teria (post whole gland ablation) were used to assess oncological outcomes. 
However, those biochemical criteria are not reliable because untreated prostatic 
tissue is left in place [6]. Prostate-specific antigen (PSA) usually does not reduce 
to undetectable levels, due to the remaining volume of viable prostate tissue. 
Currently, there is no data on PSA levels, kinetics, density and nadir to trigger any 
treatment. Donaldson’s consensus group agreed that a rising PSA after FT is a 
valid biopsy trigger; however, it may sometimes lead to unnecessary biopsies [2]. 
During the first year, PSA should be performed every 3 months and then every 6 
months [22, 23]. 

Magnetic resonance imaging is a cornerstone in FT, since it provides a com- 
parison between pre- and post-ablation treatment zones and it allows to eventu- 
ally detect clinically significant lesion. It is recommended to perform mpMRI at 
6-12 months intervals after FT and yearly for 5 years [2]. The only true trigger 
for a biopsy after a first negative 12-month biopsy is suspicious findings in 
mpMRI [2]. 

FT leads to an inflammatory effect in prostate tissue, at least for 16 weeks. 
Therefore, it 1s recommended to perform a guided biopsy of the treated zone (4-6 
cores) and systematic biopsy in the first year following FT [2] Prostate biopsy 
should be repeated after 24 months if there is a suspicious change in mpMRI or PSA 
level [2]. 
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12.5 Definitions of Recurrence After Focal Therapy 


After FT, it is necessary to distinguish if recurrence occurs in treated or untreated 
zone [2]. PCa recurrence after FT can be divided into three types: in-field (at the 
same site of the previous ablation), out-of-field (exclusively outside the site of pre- 
vious ablation side/zone) or bilateral (being both in- and out-of-field, in both pros- 
tatic lobes) [2]. 

Persistence of small volume of Gleason 6 (<3 mm in diameter) or very small 
volume of Gleason 3+4 (<0,2cc and <7 mm in diameter) within the treated zone is 
acceptable during follow-up [2]. 

FT failure can be defined as persistent of significant volume Gleason 3+4 (>0,2 
cc or >7 mm in diameter) at the same site of the primary ablation or any Gleason 
>4+3 and is based on targeted biopsy [2, 16]. The causes could be to ablation or 
targeting failures. [2] 

The definition of failure in the untreated zone is represented by any foci of clini- 
cally significant PCa requiring further treatment. Patients who present recurrence 
within 12—18 months after FT is probably related to selection failure. If there is a 
low-risk disease 1n the untreated zone, it should be monitored with AS protocols. [2] 

It is important to remember that depending on the technique and amount of 
energy used in FT, it may be difficult to clearly analyze the treated area. Even nega- 
tive results on rebiopsy at the same site of ablation do not guarantee a cure and the 
patient must be continuously evaluated. 

Retreatment rates <20% after FT have been proposed as acceptable clinical 
results [24]. 

To date, there are few data about the best treatment choice for patients who have 
failed to FT. Toxicity, oncological and functional outcomes should be considered; 
however, they are not completely understood yet [25, 26]. Comparative studies with 
longer follow-up are necessary to define the best salvage option according to recur- 
rence features. The treatment option for FT failure should be based according to 
patient disease aggressiveness, for low-risk disease, AS can be considered and for 
intermediate-to-high-risk PCa active treatment with curative intent should be the 
choice, redo FT or whole gland treatments [4, 5]. Caution is advised in patients with 
in-field recurrence, in which tumour behaviour may lead to poor prognosis, and thus 
radical or multimodal approach may be required. 


12.6 Redo Focal Therapy—To Use the Same 
or Different Energy 


Currently, there are no consensus or prospective trials concerning the best manage- 
ment of patients who developed PCa recurrence after FT [25, 26]. It is crucial to 
determine the reason for failure to tailor salvage approach. For instance, if treatment 
failure was due to incomplete ablation, retreatment with the same energy may be 
offered. However, if it was difficult to achieve the ideal treatment due to technical or 
safety reasons, a different energy should be considered [2]. 
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Recently, a retrospective series of 26 patients with recurrent PCa after either 
focal HIFU or focal cryotherapy presented no complications or urinary inconti- 
nence following s-FT [12, 13]. At 2 years after s-FT, second-recurrence free-survival 
was estimated in 35% of patients treated for in-field recurrence and in 89% of those 
with out-of-field recurrence [12, 13]. Patients who had an in-field recurrence after 
FT probably have a more aggressive disease than patients who had out-of-field 
recurrence exclusively [12, 13]. A whole gland or multimodal treatment may be 
more effective in that scenario [19] as an in-field recurrence has a worse prognosis 
compared to out-of-field, perhaps due to resistant clones repopulating the prostatic 
tissue [25, 26]. 


12.7 Radiotherapy 


There is a lack of data evaluating salvage radiotherapy (s-RT) after FT. Few retro- 
spective trials and case series present results of s-RT after whole gland ablation. 

Assessing patients who underwent s-RT after whole gland HIFU, around 18% 
developed urinary incontinence at 12 months [27]. Severe ED (IEFF-5 score 5—10) 
was found in 52% and 82% of patients pre- and post s-RT, respectively [28]. 
Disease-free survival rates (no biochemical progression and no retreatment) was 
73% (93% for low-risk, 67% intermediate-risk and 55% high-risk patients) at 3 
years of follow-up. [28] 

When comparing to primary radiotherapy (p-RT), s-RT following whole gland 
HIFU and cryotherapy showed oncological outcomes and side effects equivalents in 
short-term follow-up [29]. The functional outcomes, urinary incontinence and ED 
are rarely assessed and seem to be slightly worse compared to p-RT. [4, 5] 


12.8 Radical Prostatectomy 


To date, there are no prospective long-term trials evaluating salvage radical prosta- 
tectomy (s-RP) oncological and functional outcomes. A retrospective study com- 
paring s-RP to primary radical prostatectomy (p-RP) have shown comparable 
continence rates between the groups [16]. At l-year following s-RP, over 80% of 
patients were continent. Unilateral neurovascular bundle preservation is possible in 
around 70% of patients, while bilateral preservation is feasible in only a third [25, 
26]. Compared to p-RP, erectile dysfunction is poorer in patients following s-RP 
[25, 26]. In the largest series of s-RP after FT, positive margins were found in 13% 
of patients, and progression-free survival was 74%, 48% and 36% in first 3 years, 
respectively [25, 26]. Comparing to previous p-RP studies, the relatively high bio- 
chemical recurrence rate observed suggest that patients undergoing s-RP after FT 
should be counselled about the potential of multimodal treatment needed, especially 
who presented with in-field recurrence, due to four times more risk of developing 
biochemical failure after s-RP, independent of margins status, Gleason grade group, 
PSA or pT stage [4, 5]. In this study, a single severe complication (urinary leakage) 
was found, confirming the feasibility and safety of s-RP. Similarly, to s-FT findings, 
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in-field recurrence also determined a poorer prognosis in patients who underwent 
s-RP. This finding highlights the role of ablation resistant lesions as a marker of 
disease progression. 

When comparing s-RP and s-FT after FT, Marconi et al. [25, 26] have shown that 
s-RP after FT presents better continence rates, fewer positive surgical margins 
(PSM) and lower postoperative complications. ED rates were comparable in 
both groups. 

Comparison between salvage-radical prostatectomy(s-RP) and salvage-FT(s- 
FT) in short-term retrospective studies have shown better functional outcomes and 
acceptable oncological outcomes in s-FT patients. In a recent series, enough erec- 
tion for penetration was found in 72% of patients in the s-FT group versus 7% in 
s-RP group. Urinary incontinence was seen in 26% of s-RP patients at 12 months, 
while all s-FT patients were continent. At 3 years, failure-free survival was 54% in 
s-RP and 47% in s-FT patients [12, 13]. 


12.9 How Could the Recurrence Rate of Focal Therapy 
be Improved? 


FT plays an important role in ablation of index lesion sparing functional prostate 
tissue and complications of whole gland treatments. Special attention in intermedi- 
ate and high-risk patients 1s required since more than half of those patients can pres- 
ent with satellite lesions Gleason score 3+4. After mpMRI, it is possible to find 82% 
of index lesion and 53% of all tumours [7]. When random and target biopsy are 
combined, PCa detection rate is around 90% [7]. Therefore, mpMRI increased pros- 
tate biopsy and help urologists to better select patients for FT. Nonetheless, techno- 
logical improvement of FT devices is essential to increase energy strengths and 
precision, improving oncological outcomes and avoiding side effects. 

Recently, biomarkers have been studied to help better understand PCa multifo- 
cality and heterogeneity to minimize failures and recurrences [7]. Some biomarkers 
and gene expressions as phosphatase, tensin homologue protein loss, MYC/8q gain 
and LPL/8p loss have been added to clinical practice helping to predict Gleason 
score 44+3 PCa [7]. Some biomarkers are able to identify high-risk patients that have 
been underdiagnosed, such as urinary PCA3, serum pre-pro-PSA, tissue genome 
prostatic scores or cell cycle progression scores [30]. 

So far, there is no consensus when or apply those biomarkers in clinical practice. 
However, combining biomarkers and multigene signatures with the already well- 
established imaging technologies seems to be the best way to address PCa multifo- 
cality in the context of a gland-sparing procedure [7]. 


12.10 Addressing Prostatic Microenvironment 
The tumour microenvironment (TME) is a complex interaction among immune sys- 


tem, stromal and PCa cells. The interaction between stromal and tumoral cells leads 
to changes in the prostatic tissue surrounding the tumour (the reactive stroma) that 
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promotes deposition of extracellular matrices and stimulates PCa proliferation [7]. 
The interaction between inflammatory cells, growth and differentiation factors pro- 
duced in the reactive stroma can promote tumour growth, especially by lower acti- 
vation of the intramural immune system of aberrant vasculature formation due to 
hypoxic TME [4, 5, 7]. 

The inflammatory environment produces a complex interaction between macro- 
phages, T and B lymphocytes, associated to tumour development. Cytokines are 
involved in tumorigeneses, notably, IL-6 is linked with anti-apoptosis, BCR, neuro- 
endocrine differentiation and metastatic disease [7]. Chronic inflammation due to 
TME and after ablation of index lesion provoke tumorigenesis through direct 
genetic changes and indirect microenvironment modifications. Mutagenesis induces 
neoplastic transformation by oxidative stress and urinary microbiome leads to 
changes in the epithelial barrier and extracellular matrix. The inflammatory envi- 
ronment created by FT in prostatic tissue and its potential for cancer progression 1s 
not completely understood yet [7]. 

Understanding stromal and immune cell interaction can be a useful approach to 
activation and inhibition of specific molecular and cellular targets for future treat- 
ments. Huggins and Hodges have studied a model of microenvironment modulation 
with androgen deprivation therapy (ADT), that leads to changes in the microenvi- 
ronment, improving oncological outcomes after RT [7]. Some trials are evaluating 
outcomes of microenvironment modulation in AS and FT [4, 5, 7]. 

After a better understating of TME, the interaction between cells and cytokines, 
it will be possible to treat patients and block the pathways of PCa proliferation. 


12.11 Conclusions 


In the last years, more and more patients are undergoing FT and the rate of retreat- 
ment is estimated in one-third over 5 years [3—5, 12, 13], hence, urologists will face 
more FT failures and/or recurrences. Salvage therapy after FT is feasibly and a 
promising tool and seems to maintain acceptable oncological and functional out- 
comes [10]. New technologies facilitate detection of PCa recurrence and/or failures; 
mpMRI have improved patient selection and is the trigger for prostate biopsy during 
follow-up. 

S-RP after FT may be technically more difficult and should be performed only in 
experienced centres; however, oncological and functional outcomes are hopeful and 
probably are not worse than p-RP [4, 5]. Perhaps, S-RP should be the choice for 1n- 
field PCa recurrence due to more aggressiveness disease. S-FT [31] and s-RT are 
good options with acceptable outcomes; however, to date, there are only studies 
after whole gland treatment. 

In the near future, it will be crucial to better selection of patients regarding 
decrease the number of recurrences and failures, improve knowledge and standard- 
ize technique on salvage treatments. A rigorous follow-up schedule after first FT 
and a consensus failure criterion are essentials [32]. Nonetheless, more high-quality 
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studies to expressly assess outcomes and the best option sequence for salvage FT 
treatment are necessary [4, 5]. 
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A systematic review relating to salvage re-irradiation after locoregional failure with 
primary radiotherapy for prostate cancer was conducted. This was to identify the 
outcomes from salvage re-irradiation in this cohort. The search strategy aimed to 
identify all references related to prostate cancer and salvage re-irradiation. Search 
terms used were as follows: (prostate cancer) AND (salvage re-irradiation). The fol- 
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Fig. 13.1 Flow chart of studies identified through the systematic review (adapted from 
(16) PRISMA) 


In addition, searches using Medical Subject Headings (MeSH) and keywords 
were conducted using Cochrane databases. Two UK-based experts in prostate can- 
cer were consulted to identify any additional studies. 

Studies were eligible for inclusion if they reported primary research focusing on 
Salvage re-irradiation after primary radiotherapy and locoregional failure. Papers were 
included if published after 1984 and had to be in English. Studies that did not conform 
to this were excluded. Only primary research was included (Fig. 13.1). The overall aim 
was to identify bladder cancer risk factors and epidemiology in muscle-invasive disease. 

Abstracts were independently screened for eligibility by two reviewers and dis- 
agreements resolved through discussion or third-party opinion. The agreement level 
was calculated using Cohen’s kappa to test the intercoder reliability of this screen- 
ing process (15). Cohens’ kappa allows comparison of inter-rater reliability between 
papers using relative observed agreement. This also takes account of the compari- 
son occurring by chance. The first reviewer agreed all 9 papers to be included, the 
second, agreed on 9. Cohen’s kappa was therefore 1.0 [1]. 

Data extraction was piloted by the researcher and amended in consultation with the 
research team (author and two academic supervisors). Data collected included authors, 
year and country of publication, study aims, setting, intervention aims, number of 
participants, study design, intervention components and delivery methods, compari- 
son groups and outcome measures, notes, and follow-up questions for the authors. 
Studies were quality assessed using the PRISMA criteria (16) for randomised con- 
trolled trials, Mays et al. (17) [2-4] (154)(153) for the action research and qualitative 
studies and the Critical Skills Appraisal programme for cohort studies. This was also 
applied to randomised controlled trials and qualitative studies. 

The search identified 22 papers (Fig. 13.1). All 9 mapped to the search terms and 
eligibility criteria. The current systematic reviews were examined to gain further 
knowledge about the subject. Thirteen papers were excluded due to not conforming 
to eligibility criteria or adding to the evidence. Of the nine papers left, relevant 
abstracts were identified and the full papers obtained (all of which were in English), 
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to quality assure against search criteria. There was considerable heterogeneity of 
design among the included studies therefore a narrative review of the evidence was 
undertaken. There was significant heterogeneity within studies, including clinical 
topic, numbers, outcomes, as a result, a narrative review was thought to be best. 
There were nine cohort studies, with a moderate level of evidence, and one trial with 
a good level of evidence. These were from a range of countries with minimal loss to 
follow-up. All participants were identified appropriately. 


13.1 Systematic Review Results: High-Dose-Rate 
Brachytherapy or Focal Stereotactic Body Radiotherapy 
for Local Recurrence after Primary Radiotherapy 


Mbeutcha et al. [5] conducted a retrospective cohort study evaluating prostate re- 
irradiation after definitive radiation therapy failure [5]. This study examined high- 
dose-rate brachytherapy (HDRB) on whole prostate gland and focal stereotactic 
radiotherapy (SBRT) using CyberKnife® linac [5]. Nine (90%) patients experi- 
enced a positive biological response after salvage HDRB and five (50%) remained 
disease-free at the end of the follow-up [5]. Among patients who initially responded 
to salvage HDRB, the BCR rate was 44.4% (IQR = 11.5—26) [5]. Only one patient 
experienced a transient grade 3 urinary complication. In the SBRT group, the 
median follow-up was 14.5 months QR = 7—23) and 10 (55.6%) out of the 18 
patients remained disease-free [5]. Among the 15 patients who initially responded 
to salvage SBRT, 5 (33.3%) experienced a BCR [5]. One patient experienced a tran- 
sient grade 4 urinary complication [5]. 

Patient-reported quality of life (QOL) after salvage brachytherapy for radiore- 
current prostate cancer is not well documented [6]. Sexual function continued to 
decline with time. The worst sexual function scores at 27 months than baseline 
(p = 0.01) [6](146). Although bowel and urinary symptoms worsened acutely at 3 or 
15 months, they demonstrated improvement by 27 months, and there were no sig- 
nificant differences between baseline and 27-month urinary or bowel scores [6]. An 
interval to re-irradiation less than 4.5 years and prior brachytherapy were each asso- 
ciated significantly with the largest decrements 1n bowel function (p = 0.035) [6]. 


13.2 Cyberknife Radioablation as Re-irradiation 
Post-Radiotherapy Failure in Prostate Cancer 


Miszczyk evaluated CyberKnife-based radioablation as a salvage treatment for 
prostate cancer post irradiation relapses [7]. Thirty-eight patients were treated with 
a fraction dose varying from 5.5 to 10 Gy (median 7.35) to a total dose of 
18-—36.25 Gy [7]. 55.3% of patients had androgen deprivation therapy [7]. Nine 
patients had oligometastases in the salvage time [7]. In all, 92.6-97.4% of patients 
had no gastrointestinal acute adverse effects [7]. There were particular (up to 4.8%) 
G2 late gastrointestinal effects. The percentage without genitourinary acute effects 
varied from 59.1% to 78.9%; 3.7% had G3 toxicity. The nadir of prostate-specific 
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antigen median was 0.24 ng/mL (9 months after treatment). Twelve (31.6%) patients 
failed in the timeline of 6-42 months after salvage treatment (mean 18.7, median 
16.5) due to dissemination [7]. In two cases, progression 1n existing metastases was 
identified. Five (13.2%) patients had biochemical failure without additional metas- 
tases (local relapses); hence, local control was 86.8% [7]. The failure risk 1s strongly 
influenced by the initial disease stage and pre-salvage prostate-specific antigen con- 
centration [7]. The obtained results permit us to conclude that such a treatment 
could be an effective and safe option for prostate cancer post-irradiation relapse 
salvage treatment [7]. 


13.3. External Beam Radiotherapy After Prostate Cancer 
Recurrence Post-Radiotherapy 


Jereczek-Fossa et al. [8] evaluated high-precision external beam re-irradiation (re- 
EBRT) for local relapse of prostate cancer (PCa) after radiotherapy [8]. Data of 64 
patients were included, median pre-salvage SBRT prostate-specific antigen was 
3.89 ng mL“! [8]. The median total dose was 30 Gy in five fractions, biologically 
effective dose (BED) of 150 Gy. One acute G3 genitourinary event and one late G3 
genitourinary event were observed [8]. Tumour progression was observed in 41 
patients (64%). Eighteen patients (28%) experienced local relapse [8]. Two-year 
local control, biochemical and clinical relapse free survival rates were 75, 40, and 
53%, respectively [8]. 


13.4 Radiotherapy to the Prostate Bed—the 
Salvage Scenario 


Olivier reported the preliminary results of salvage re-irradiation after radical pros- 
tatectomy and salvage external beam radiation therapy (EBRT) [9]. Isolated non- 
metastatic recurrence in the prostatic bed was seen at MRI and PET imaging [9]. 
Two patients were treated with 6 months of androgen deprivation therapy (ADT) 
concomitant with re-irradiation [9]. A PSA decrease after SBRT was found in 10 
(83%) patients [9]. The 1- and 2-years biochemical recurrence-free survival rates 
were 79 and 56%, respectively [9]. Biochemical recurrence was noted for 6 patients 
(50%) after a median time of 18 (4-42) months [9]. Three patients experienced side 
effects (25%) with grade 1 cystitis and | patient (8%) with acute grade 2 proctitis at 
4 months [9]. One patient (13%) had grade 1 cystitis at 12 months [9]. 


13.5 Ablative re-EBRT using Stereotactic Image-Guided 
Technique for Isolated Local Recurrence 
of Prostate Cancer 


Volpe reviewed efficacy of multiple re-irradiation (re-EBRT) for local recurrence of 
prostate cancer (PCa) using retrospective analysis of ablative re-EBRT with the 
stereotactic image-guided technique for isolated local recurrence of PCa [10]. Eight 
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patients received three RT courses (two re-RTs); of those, two received four RT 
courses (three re-RT’s) [10]. Local relapse was assessed by multiparametric mag- 
netic resonance and/or choline positron emission tomography [10]. At diagnosis, 
four cases were classified as high-risk PCa, three as intermediate, and one as low as 
per NCCN 2017 [10]. Biochemical and radiological response was registered in all 
patients. At present, seven out of eight patients are disease-free [10]. Overall toxic- 
ity profile was good; no severe acute or late genitourinary or gastrointestinal events 
were recorded [10]. Multiple RT courses with high precision technology and image 
guidance can be proposed as a possible salvage therapy for locally recurrent, low- 
burden PCa recurrence [10]. 


13.6 Side Effects of Salvage Re-irradiation Post-Primary 
Radiotherapy for Prostate Cancer 


Vaugier et al. [11] conducted a prospective multicenter phase 2 trial investigating 
high-dose salvage pelvic irradiation with an additional dose to the fluorocholine- 
based positron emission tomography-positive pelvic lymph nodes, combined with 6 
months of androgen blockade [11]. Early toxicity was defined as toxicity until | 
year after radiation therapy [11]. The intention-to-treat analysis included 67 patients. 
Half had received prior prostatic irradiation [11]. Grade 2 acute urinary toxicity was 
observed in 9 of 67 patients (13.4%), and grade 2 one-year toxicity occurred in 4 of 
67 patients (6%). Three patients (4.4%) had grade 3 urinary toxicity [11]. Grade 2 
acute digestive toxicity was observed in 10 of 67 patients (14.9%), and grade 2 one- 
year toxicity occurred in 4 of 67 patients (6%) [11]. Patients with prior prostate bed 
irradiation did not exhibit increased urinary or digestive toxicity [11]. The European 
Organisation for Research and Treatment of Cancer questionnaire scores at | year 
did not worsen significantly [11]. 

Mariucci et al. [12] evaluated feasibility and toxicity of salvage external beam 
radiotherapy (EBRT) re-treatment in patients affected by radiorecurrent prostate 
cancer within the prostate gland or the prostate bed [12]. All patients received a total 
dose of 50 Gy (25 x 2 Gy), and 7 (46.6%) had concomitant androgen deprivation 
therapy (median duration of 12 months) [12]. With a median follow-up of 40.9 
months, the 2-year and 4-year biochemical relapse-free survival were 55% and 
35%, respectively [12]. Acute and late genitourinary (GU) toxicity >2 were recorded 
in 4 (26.6%) and 5 (33.3%) patients, respectively, and the 4-year late GU toxicity 
was 30% [12]. Acute gastrointestinal toxicity >2 was recorded in 2 (13.3%) cases, 
whereas no patient experienced late toxicity [12]. 


13.7. High Dose Rate Stereotactic Body Radiation Therapy 
in Prostate Cancer Recurrence Post Radiotherapy 


Fuller et al. [13] evaluated the use of high dose-rate-like stereotactic body radiation 
therapy (SBRT) retreatment for biopsy-proven local persistence in prostate postra- 
diation therapy, evaluating efficacy and toxicity [13]. Median pre-SBRT salvage 
baseline prostate-specific antigen (PSA) of 3.97 ng/mL decreased to 0.6 ng/mL and 


148 S. S. Goonewardene et al. 


0.16 ng/mL at 1 and 5 years in nonrelapsed patients, respectively [13]. Actuarial 
5-year biochemical disease-free survival (DFS) measured 60%, with corresponding 
5-year actuarial local, distant, and salvage androgen deprivation therapy free rates 
of 94%, 89%, and 69%, respectively [13]. Actuarial 5-year biochemical DFS mea- 
sured 78% if PSA at salvage was <6.92 ng/mL versus 12% with >6.92 ng/mL (P = 
.OOO1) [13]. Toxicity was primarily in the GU domain, with an 8% 5-year actuarial 
rate of grade 3+, 3% when limited to salvage of “conventional external beam only” 
local relapse [13]. No gastrointestinal (GI) toxicity >grade 1 occurred. Of the 30% 
sexually potent at the time of salvage, 82% subsequently lost potency [13]. 


13.8 External Beam Radiotherapy With or Without 
Brachytherapy Boost Post-Primary Radiotherapy 
Failure for Prostate Cancer 


Zilli et al. [14] evaluated the safety of external beam radiation therapy (EBRT) with 
or without a brachytherapy (BT) boost for salvage of exclusive local failure after 
primary EBRT for prostate cancer [14]. Salvage treatment was delivered with a 
median NTD 2Gy of 85.1 Gy (range, 70—93.4) to the prostate with EBRT with 
(n = 10) or without (n = 4) BT [14]. Androgen deprivation was given to 12 patients 
(median time of 12 months) [14]. No grade >3 toxicity was observed during and 
within 6 weeks after RT [14]. Five-year grade >3 genitourinary and gastrointestinal 
toxicity-free survival figures were 77.9% + 11.3% and 57.1% + 13.2%, respectively 
[14]. Four patients presented with combined grade 4 genitourinary/gastrointestinal 
toxicity. The 5-year biochemical relapse-free, local relapse-free, distant metastasis- 
free, and cancer-specific survival rates were 35.7% + 12.8%, 50.0% + 13.4%, 85.7% 
+ 9.4%, and 100%, respectively [14]. 


13.9 Conclusions 


This systematic review demonstrates that there may be a role for salvage re- 
irradiation, post prostate cancer failure after primary radiotherapy. However, appro- 
priate patient selection is key, with counselling regarding side effects that may 
occur, or may worsen as a result. It also highlights the need for more phase 2 clinical 
trials within this area. 
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14.1 Research Methods 


A systematic review relating to salvage therapy for prostate cancer was conducted. 
This was to identify the role of predictors of recurrence in salvage therapy. The 
search strategy aimed to identify all references related to salvage brachytherapy OR 
low-dose OR high-dose AND prostate cancer. Search terms used were as follows: 
(Salvage brachytherapy) AND (prostate cancer) OR (Low Dose) OR (High dose). 
The following databases were screened from 1989 to May 2020: 


¢ CINAHL 

e MEDLINE (NHS Evidence) 
e Cochrane 

e AMed 

¢ EMBASE 

e PsychINFO 

¢ SCOPUS 

e Web of Science 
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Fig. 14.1 Flow chart of studies identified through the systematic review (adapted from 
(16) PRISMA) 


In addition, searches using Medical Subject Headings (MeSH) and keywords 
were conducted using Cochrane databases. Two UK-based experts in bladder can- 
cer were consulted to identify any additional studies. 

Studies were eligible for inclusion if they reported primary research. Papers were 
included if published after 1984 and had to be in English. Studies that did not con- 
form to this were excluded. Only primary research was included (Fig. 14.1). The 
overall aim was to identify predictors of recurrence in salvage therapy for pros- 
tate cancer. 

Abstracts were independently screened for eligibility by two reviewers and dis- 
agreements resolved through discussion or third-party opinion. Agreement level 
was calculated using Cohen’s kappa to test the intercoder reliability of this screen- 
ing process (15). Cohens’ Kappa allows comparison of inter-rater reliability between 
papers using relative observed agreement. This also takes account of the compari- 
son occurring by chance. The first reviewer agreed all 11 papers to be included, the 
second, agreed on 11. Cohen’s kappa was therefore 1.0 [1]. 

Data extraction was piloted by the researcher and amended in consultation with 
the research team (author and two academic supervisors). Data collected included 
authors, year and country of publication, study aims, setting, intervention aims, 
number of participants, study design, intervention components and delivery meth- 
ods, comparison groups and outcome measures, notes, and follow-up questions for 
the authors. Studies were quality assessed using the PRISMA criteria for ran- 
domised controlled trials, Mays et al. [2, 3] for the action research and qualitative 
studies and the Critical Skills Appraisal programme for cohort studies. This was 
also applied to randomised controlled trials and qualitative studies. 

The search identified 62 papers (Fig. 14.1). All 11 out of the 62 mapped to the 
search terms and eligibility criteria. The current systematic reviews were examined 
to gain further knowledge about the subject. Fifty-one papers were excluded due to 
not conforming to eligibility criteria or adding to the evidence. Of the 11 papers left, 
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relevant abstracts were identified and the full papers obtained (all of which were in 
English), to quality assure against search criteria. There was considerable heteroge- 
neity of design among the included studies therefore a narrative review of the evi- 
dence was undertaken. There was significant heterogeneity within studies, including 
clinical topic, numbers, outcomes, and as a result, a narrative review was thought to 
be best. There were 11 cohort studies, with a moderate level of evidence. These 
were from a range of countries with minimal loss to follow-up. All participants were 
identified appropriately. 


14.2 Systematic Review Results: Outcomes from Low- 
and High-Dose-Rate Brachytherapy 


Henriquez Lopez et al. [4] reviewed low- and high-dose brachytherapy [4]. Overall, 
the 5-year prostate-specific antigen (PSA) REFS rate was 71% (95% CI, 
65.9%-75.9%). No significant differences in RFS were observed (p = 0.063) [4]. 
Five-year CSS for the LDR- and HDR-BT groups were 96.5% and 93%, respec- 
tively [4]. Thirty-eight patients (32%) developed biochemical progression (Phoenix 
definition) after salvage BT: 14 patients (32%) in the LDR group and 24 (32.5%) in 
the HDR group [4]. On the multivariate analysis, time to biochemical recurrence 
from primary radiotherapy <30 months (p = 0.014) and post-salvage nadir PSA (p 
= 0.000) were significantly associated with biochemical recurrence [4]. There were 
no significant between-group differences in toxicity [4]. Overall, there were 13 
cases of urethral stricture, 22 cases of urinary incontinence, and 13 cases of haema- 
turia. Toxicity >grade 3 was observed in 23.5% of patients [4]. 

Barbera et al. [5] evaluated the results of whole-gland salvage brachytherapy 
(SBT) after primary EBRT in terms of toxicity, functional outcomes, and efficacy [5]. 
Median follow-up after SBT was 24 months. Of 19 patients, 2 patients experienced a 
grade 3 cystitis (10.2%) and | patient experienced a grade 4 proctitis (5.3%), respec- 
tively [5]. Mean pre-SBT IPSS scores and 6, 12, and 24 months after SBT were 5.84, 
10.22, 15.72, and 8.10, respectively [5]. Mean pre-SBT ITEF scores and 6, 12, and 24 
months after SBT were 8.42, 3.55, 7.89, and 6.40, respectively [5]. At the time of 
analysis, only 2 patients showed a biochemical relapse (3-year BRFS 85.2%) [5]. 

Kollmeier et al. [6] reviewed low-dose-rate (LDR) or high-dose-rate (HDR) 
brachytherapy to compare the outcome and toxicity profiles in the salvage brachy- 
therapy setting [6]. The 3-year PSA relapse-free survival (RFS) was 60.1% (95% 
CI, 49.6—72.5%) [6]. There was no difference between LDR and HDR brachyther- 
apy in terms of RFS (p = 0.84 by log-rank test). On multivariate analysis, only 
prostate-specific antigen doubling time (PSADT) <1l2 months was significantly 
associated with PSA relapse [6]. The 3-year PSA RFS for patients with a PSPADT 
<12 months was 39% compared with 73% for PSADT >12 months (p = 0.002 by 
long-rank test) [6]. There were no statistically significant differences in toxicity 
between LDR and HDR brachytherapy [6]. There was a higher peak in urinary 
symptoms in LDR patients; however, by 24—36 months, both groups returned to 
baseline [6]. 


154 S. S. Goonewardene et al. 


14.3 Side Effects from Low- and High-dose 
Salvage Brachytherapy 


Maenhout et al. [7] described toxicity and biochemical outcomes after magnetic 
resonance imaging-guided focal salvage high-dose-rate brachytherapy in radiore- 
current prostate cancer [7]. Eight of 17 patients had a follow-up interval of at least 
1 year [7]. At a median follow-up interval of 10 months (range 3—40 months), one 
patient experienced a biochemical recurrence according to the Phoenix criteria, and 
prostate-specific membrane antigen testing revealed that this was due to a distant 
nodal metastasis [7]. One patient had a grade 3 urethral stricture at 2 years after 
treatment [7]. 

Jiang et al. [8] reported results with interstitial high-dose-rate brachytherapy 
(HDR-BT) as a salvage therapy option after external beam therapy with or without 
BT. Emphasis was put on toxicity and 5-year outcome [8]. Twenty-two patients with 
a minimum follow-up of 60 months were analysed [8]. The 5-year overall survival 
was 95.5% with a disease-specific survival of 100% [8]. The 5-year biochemical 
control was 45%. Late grade 2 gastrointestinal toxicities were observed in two 
patients (9%) [8]. No grade 3 or higher gastrointestinal late toxicities were observed 
[8]. Urinary incontinence was found in 2 patients (9%) and grade 2 obstruction of 
urinary tract occurred in one patient (4%) [8]. 

Gawkowska-Suwinska et al. [9] analysed early effects and toxicity of salvage 
high-dose-rate brachytherapy for local recurrences of adenocarcinoma of the pros- 
tate after external beam radiotherapy (EBRT) [9]. Fifteen eligible patients were 
treated and analysed [9]. Acute toxicity according to EORTC/RTOG was low [9]. 
For bladder EORTC/RTOG score ranged from 0 to 2 [9]. Only in two patients, grade 
1 toxicity for rectum was observed [9]. The follow-up ranged from 3 to 9 months 
[9]. In one patient, grade 2 rectal toxicity was observed, and one had urethral stric- 
ture [9]. 


14.4 Salvage Brachytherapy and ADT 


Baumann et al. [10] determined if reduced-dose salvage brachytherapy could 
achieve high rates of biochemical control with acceptable toxicity 1f combined with 
androgen deprivation therapy (ADT) [10]. Five and 7-year relapse-free survival, 
distant metastasis-free survival, and overall survival were 79% and 67%; 93% and 
86%; and 94% and 85%, respectively [10]. Freedom from late Grade 3 GU toxicity 
at 5 years was 85%. There were no late Grade >2 GI toxicities [10]. 

An updated version gave similar results [10]. Fifty-five percent had high-risk 
disease at diagnosis [10]. Median EBRT dose was 70.2 Gy; median prostate-specific 
antigen nadir was 0.8 ng/mL [10]. Median time to recurrence was 56 months; 
median presalvage prostate-specific antigen was 5.0 ng/mL. Median _post- 
brachytherapy follow-up was 61 months (range 7-150 months) [10]. Five- and 
7-year relapse-free survival, distant metastasis-free survival, and overall survival 
were 79% and 67%; 93% and 86%; and 94% and 85%, respectively [10]. Freedom 
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from late Grade 3 GU toxicity at 5 years was 85%. There were no late Grade >2 GI 
toxicities [10]. 


14.5 Focal Partial Salvage Re-implantation after 
Permanent Brachytherapy 


Kunogi et al. [11] investigated the treatment results for focal partial salvage re- 
implantation against local recurrence after permanent prostate brachytherapy [11]. 
The 4-year BdFS rate was 78%, which included non-responders [11]. Biochemical 
recurrence occurred in two patients after 7 and 31 months, respectively [11]. The 
former was treated with hormonal therapy after biochemical failure, and the latter 
underwent watchful waiting (PSA at the last follow-up of 53 months: 7.3 ng/mL) at 
the patient's request [11]. No patients had grade 3 GU/GI toxicities or died after 
salvage re-implantation [11]. 


14.6 High-Dose Brachytherapy Outcomes after Radiotherapy 


Jo et al. [12] assessed the preliminary clinical results of salvage high-dose-rate brachy- 
therapy (HDR-BT) applied in cases of suspected local recurrence or of residual tumour 
after radiotherapy [12](163). Seven of the 11 cases remained in a biochemical non- 
evidence of disease state [12]. The prostate-specific antigen (PSA) level continuously 
rose after salvage HDR-BT in three of the four other cases [12]. Hormone administra- 
tion was initiated in the four cases of PSA recurrence. No grade 3 or more severe events 
occurred, and the incidence of grade 2 was low during this study period [12]. 


14.7. PSA Bounce Post High-Dose-Rate Brachytherapy 


PSA kinetics after curative radiotherapy for prostate cancer is an important part of 
the posttreatment evaluation [13]. Astrém et al. [13] analysed PSA bounce occur- 
rence after combined high-dose-rate brachytherapy (HDR-BT) and external radio- 
therapy (ERT) [13]. Median time to bounce peak was 15 (3-103) months with a 
median bounce value of 1.5 (0.3—12) ng/mL [13]. Younger age and lower Gleason 
scores were associated with PSA bounce [13]. In a Cox regression analysis with 
PSA bounce as a time-dependent covariate and adjusted for other prognostic fac- 
tors, PSA bounce was associated with a lower risk for PSA failure (HR = 0.42; 95% 
confidence interval 0.26—0.70) [13]. 


14.8 Conclusions 


This systematic review demonstrates a role for both low- and high-dose brachy- 
therapy in the role of recurrent prostate cancer. 
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15.1 Research Methods 


A systematic review relating to salvage therapy for prostate cancer was conducted. 
This was to identify the role of salvage brachytherapy after primary brachytherapy. 
The search strategy aimed to identify all references related to Salvage brachyther- 
apy AND prostate cancer AND Primary Brachytherapy. Search terms used were as 
follows: (Salvage therapy) AND (prostate cancer) AND (Primary Brachytherapy). 
The following databases were screened from 1989 to May 2020: 


¢ CINAHL 

e MEDLINE (NHS Evidence) 
e Cochrane 

e AMed 

¢ EMBASE 
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Potentially relevant studies to be 
included in the systematic review 






¢ Potentially relevant 
studies identified through 
database searching and 
their titles & abstracts 
independently screened 


e Papers excluded as not 
related to search terms 
(n = 0) 


for analysis (n = 36) 










e Studies excluded with 
reasons; either duplicates, 
not conforming to 

by 2 reviewers (n = 140) eligibility criteria (n = 137) 


Potentially relevant studies identified 
through other sources & 
Tare{=y el=Yae(=Yad\varsxelc=\=1al10 Mo)’ ar-4 
reviewers (n = 0) 


Potentially relevant studies to be 
included in the systematic review 
for analysis (n = 3) 





Fig. 15.1 Flow chart of studies identified through the systematic review (adapted from 
(16) PRISMA) 


e PsychINFO 
¢ SCOPUS 
¢ Web of Science 


In addition, searches using Medical Subject Headings (MeSH) and keywords 
were conducted using Cochrane databases. Two UK-based experts in bladder can- 
cer were consulted to identify any additional studies. 

Studies were eligible for inclusion if they reported primary research. Papers were 
included if published after 1984 and had to be in English. Studies that did not con- 
form to this were excluded. Only primary research was included (Fig. 15.1). The 
overall aim was to identify predictors of recurrence in salvage therapy for pros- 
tate cancer. 

Abstracts were independently screened for eligibility by two reviewers and dis- 
agreements resolved through discussion or third-party opinion. Agreement level 
was calculated using Cohen’s kappa to test the intercoder reliability of this screen- 
ing process (15). Cohen’s kappa allows comparison of inter-rater reliability between 
papers using relative observed agreement. This also takes account of the compari- 
son occurring by chance. The first reviewer agreed all 3 papers to be included, the 
second, agreed on 3. Cohen’s kappa was therefore 1.0. 

Data extraction was piloted by the researcher and amended in consultation 
with the research team (author and two academic supervisors). Data collected 
included authors, year and country of publication, study aims, setting, interven- 
tion aims, number of participants, study design, intervention components and 
delivery methods, comparison groups and outcome measures, notes and follow- 
up questions for the authors. Studies were quality assessed using the PRISMA 
criteria for randomised controlled trials, Mays et al. [1, 2] for the action research 
and qualitative studies and the Critical Skills Appraisal programme for cohort 
studies. 
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The search identified 137 papers (Fig. 15.1). All 3 out of the 137 mapped to the 
search terms and eligibility criteria. The current systematic reviews were examined 
to gain further knowledge about the subject. One hundred and thirty-seven papers 
were excluded due to not conforming to eligibility criteria or adding to the evidence. 
Of the 3 papers left, relevant abstracts were identified and the full papers obtained 
(all of which were in English), to quality assure against search criteria. There was 
considerable heterogeneity of design among the included studies therefore a narra- 
tive review of the evidence was undertaken. There was significant heterogeneity 
within studies, including clinical topic, numbers, outcomes, and as a result, a narra- 
tive review was thought to be best. There were 36 cohort studies, with a moderate 
level of evidence. These were from a range of countries with minimal loss to follow- 
up. All participants were identified appropriately. 


15.2 Systematic Review Results 


15.2.1 Outcomes from Salvage Brachytherapy for Prostate 
Cancer after Primary Brachytherapy 


Sasaki [3] characterised local recurrence of prostate cancer and to assess the effect of 
salvage partial brachytherapy after primary 125-iodine low-dose-rate brachytherapy 
with or without external beam radiotherapy [3]. Median prostate-specific antigen 
nadir level in the eight patients with biopsy-proven local recurrence after initial low- 
dose-rate brachytherapy was 0.75 ng/mL (range 0.39—2.06) [3]. The seven retreated 
patients tolerated the salvage partial low-dose-rate brachytherapy well and showed a 
decrease in prostate-specific antigen levels at follow-up [3]. Two patients later devel- 
oped biochemical and clinical progression at 11 and 13 months, respectively [3]. The 
prostate-specific antigen level continued to be low in the remaining five patients [3]. 
No significant genitourinary or gastrointestinal toxicity was encountered [3]. This 
paper demonstrated salvage partial low-dose-rate brachytherapy for biopsy-proven 
localised prostate cancer recurrence appears rational, technically feasible and safe [3]. 


15.2.2 Side Effects of Salvage Brachytherapy after 
Primary Brachytherapy 


Lacy [4] evaluated our experience with salvage brachytherapy after the discovery of 
biochemical recurrence after a prior brachytherapy procedure [4]. The majority of 
the patients in this study (61.9%) were low-risk and the median presalvage PSA was 
3.49 (range 17.41—1.68) [4]. At last follow-up after reseeding, 11/21 (52.4%) were 
free of biochemical recurrence [4]. There was a trend towards decreased freedom 
from biochemical recurrence in low-risk patients (p = 0.12) [4]. International 
Prostate Symptom Scores (IPSS) increased at 3-month follow-up visits but decreased 
and were equivalent to baseline scores at 18 months [4]. Salvage brachytherapy 
after primary brachytherapy is possible; but the side effect profile after the second 
brachytherapy procedure is higher. 
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15.2.3 Radiation Dose During Salvage Brachytherapy after 
Primary Brachytherapy 


Girum [5] evaluated the dose distribution of additional radioactive seeds implanted 
during salvage permanent prostate implant (sPPI) after a primary permanent pros- 
tate implant (pPPI) [5]. The mean prostate volume difference between sPPI and 
pPPI over the 6 patients was 9.85 (7.32) cm’. The average Doo and Vj09 assessed on 
CT2 were 486.5 Gy (58.9) and 100.0% (0.0), respectively, whereas it was 161.3 Gy 
(47.5) and 77.3% (25.2) on mCT2 (p = 0.031 each time). The average Doo the day of 
sPPI [145.4 Gy (11.2)] was not significantly different from that observed on mCT2 
(p = 0.56). Postimplant Dog and Vjo9 of sPPI after pPPI can be estimated on CT 
images after removing the primary seeds. 


15.3. Conclusions 


Despite the small numbers of papers within this topic, there may be a role for sal- 
vage brachytherapy post primary brachytherapy, but more work needs to be done on 
this topic to confirm it definitely. 


References 


1. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews 
and meta-analyses: the Prisma statement. BMJ (Online). 2009;339(7716):332-6. 

2. Mays N, Pope C, Popay J. Systematically reviewing qualitative and quantitative evidence 
to inform management and policy-making in the health field. J Health Serv Res Policy. 
2005; 10:6—20. 

3. Sasaki H, Kido M, Miki K, et al. Salvage partial brachytherapy for prostate cancer recurrence 
after primary brachytherapy. Int J Urol. 2014;21(6):572-7. 

4. Lacy JM, Wilson WA, Bole R, et al. Salvage brachytherapy for biochemically recurrent pros- 
tate cancer following primary brachytherapy. Prostate Cancer. 2016;2016:9561494. 

5. Girum KB, Lalande A, Quivrin M, et al. Inferring postimplant dose distribution of sal- 
vage permanent prostate implant (PPI) after primary PPI on CT images. Brachytherapy. 
2018;17(6):866-73. 


® | 


| Check for | 
updates | 


Daimantas Milonas, Gert de Meerleer, Clement Orczyk, 
Kristina Zviniene, Alberto Bossi, Wouter Everaerts, 
Charlien Berghen, Gaétan Devos, Hein van Poppel, 
and Steven Joniau 


16.1. Introduction 


In the setting of locally recurrent prostate cancer (PCa) after primary radiotherapy (RT), 
the standard of care now used is palliative androgen deprivation therapy (ADT), which 
is associated with harmful side effects and no clear survival benefit. Recent studies show 
that men with locally recurrent PCa after primary RT can be eligible for salvage treat- 
ment. The advances of imaging transform the landscape of this clinical entity with the 
ability to accurately distinguish local from distant recurrences. This selection process 
opens the possibility to refine treatment with curative intent towards less morbid 
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approaches. Whole gland salvage techniques as radical prostatectomy or non-invasive 
techniques as cryoablation, high-intensity focused ultrasound and brachytherapy show 
acceptable oncological outcomes with no significant difference between surgical and 
non-surgical salvage modalities. Recent reports show that the risk of toxicity remains 
high, independent of salvage treatment modality, with worse rates of urinary inconti- 
nence after surgery [1, 2]. However, until now there are no comparative randomized 
clinical trials to analyze salvage treatment options. 

The main goals of focal salvage therapy are to destroy the recurrent lesion and 
spare non-cancerous tissue, thereby potentially reducing morbidity and maintaining 
quality of life compared to salvage whole gland treatment. The rationale of this 
treatment relies on several facts. Firstly, cancer mapping after initial RT within sal- 
vage prostatectomy specimens show that recurrent cancer lesions are single in 
61-72% [3-5]. Secondly, radiological studies show that up to 90% of local recur- 
rence is in an area that overlaps the site of the primary index lesion [6—8]. Thirdly, 
specificity and sensitivity for the detection of recurrent PCa increased significantly 
due to the rapid evaluation of imaging techniques [9-12]. Finally, whole gland sal- 
vage treatment associated with a high risk of complications, side effects and decreas- 
ing quality of life [13]. Recent meta-regression analysis shows overall 31% (range 
0-79) incontinence, 72% (O—100) impotence, 2% (O-12) fistula and 17% (0-71) 
urethral stricture rates after salvage treatment [1]. 

A non-systemic review was performed based on a Medline literature search on 
PubMed from January 2000 till January 2020 using the following terms: “radio- 
therapy”, “recurrent prostate cancer’, a combination of search terms “focal” with 
“salvage high-intensity focused ultrasound”, or salvage “‘cryotherapy” or salvage 
“low dose rate brachytherapy” or salvage “high dose rate brachytherapy” or salvage 
“stereotactic body radiation therapy” or salvage “irreversible electroporation” and 
salvage “vesiculectomy’’. All reports with seven and more patients with retrospec- 
tive and prospective data acquisition were included. Case reports and studies with 
unclear description of treatment modality were excluded. A total of 28 reports were 
eligible for data extraction in 971 patients. 

The aim of this chapter is to review the evidence on focal salvage treatment after 
primary RT in terms of candidate selection, oncological outcomes, functional results 
and toxicity. 


16.2 Assessment of Recurrence 
16.2.1 Assessing of the Distant Metastases 


Evaluation of the localization of disease recurrence after established biochemical 
relapse (BCR) is essential as patients with distant metastases are not considered 
candidates for local salvage therapy with curative intent. While PCa is confined to 
the prostate and seminal vesicles in over 1/3 of RT relapses, almost 60% of recur- 
rence presents as pelvic or abdominal positive lymph nodes, visceral organs or 
bones [14]. Inadequate pre-treatment metastatic work-up directly correlates with 
salvage treatment failure rate. Therefore, the success of focal salvage treatment 
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depends on adequate exclusion of metastases as well as the assessment of intra- 
prostatic lesions. Technetium-99 m bone scintigraphy is mostly used to exclude 
bone metastases, but acceptable diagnostic accuracy of this imaging has been 
achieved only in men with high-risk PCa features (PSA >20 ng/ml or Gleason 
score 2 8) [15]. Furthermore, studies using computed tomography (CT) or magnetic 
resonance imaging (MRI) demonstrated poor diagnostic accuracy for lymph node 
staging [16]. Positron emission computed tomography (PET/CT) is recently been 
recommended as the standard imaging modality to evaluate metastasis in the recur- 
rent setting. While choline and fluoride were the most used tracers originally [17, 
18], most promising results are obtained with prostate-specific membrane antigen 
(PSMA) PET/CT. This technique provides high diagnostic accuracy for lymph 
nodes and bone metastases as well as for intra-prostatic lesions, even at PSA values 
<2 ng/ml [9, 10]. Also, diffusion-weighted whole-body MRI has been studied for 
assessment of distant metastases in recurrent PCa, but PET/CT results seem to be 
superior [19]. 


16.2.2 Assessing of the Intra-Prostatic Recurrence 


Multiparametric MRI (mp-MRI) offers both morphological and biological informa- 
tion with T2-weighted, dynamic contrast-enhanced (DCE) and diffusion-weighted 
imaging (DWI). In the primary setting, the diagnostic accuracy of mp-MRI for the 
detection of clinically significant PCa lesions seems very high with a sensitivity of 
93% [20, 21]. In the radiorecurrent setting, the mp-MRI is also capable, but with 
less sensitivity, to detect intra-prostatic recurrent lesions [22, 23]. Results of addi- 
tional sequences using DCE and DWI on the detection of recurrent PCa are promis- 
ing but still controversial [22—24]. MRI-targeted biopsies seem to have encouraging 
detection rates for clinically significant PCa [25] with the majority of lesions 
detected at DCE sequences [26]. °*Ga-PSMA-PET/CT in the recurrent setting 
revealed a negative predictive value of 91% and a positive predictive value of 100% 
in a large enough number of patients [27]. The combination of mp-MRI with 
°3Ga-PSMA-PET/CT could theoretically provide the highest accuracy in the detec- 
tion of primary intra-prostatic disease [28]. 


16.2.2.1 Biopsy 

In the radiorecurrent setting, prostate biopsy evaluation is hampered by radiation 
effects, which could mimic higher-grade PCa. Approximately one-third of inde- 
terminate biopsies seem to resolve into negative disease. However, local recur- 
rence can also be interpreted as a radiation effect, and indeterminate biopsies 
should, therefore, not be considered negative. On the other hand, delayed cancer 
regression may cause false-positive biopsy results [29]. Routine post-radiother- 
apy biopsies are of limited added value to regular PSA testing and should be 
considered only in the case of BCR [30]. According to the European Association 
of Urology (EAU) guidelines, prostate biopsies should be performed 18—24 months 
after primary RT if a salvage treatment is considered, and mp-MRI can be used for 
biopsy targeting [31]. 
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16.3 Current Focal Salvage Treatment 


Focal salvage treatment of radiorecurrent PCa could be performed using several 
techniques: high-intensity focused ultrasound (HIFU), cryotherapy (CRO), low- 
dose-rate brachytherapy (LDRB), high-dose-rate brachytherapy (HDRB), stereo- 
tactic body radiation therapy (SBRT), irreversible electroporation (IRE) and salvage 
vesiculectomy. 


16.4 Focal Salvage HIFU 


Historic data using HIFU technology in the radiorecurrent setting are available 
mostly for whole gland treatment. Those data suggest an acceptable efficacy profile 
of the technology in this indication, but still at the cost of significant side effects and 
complications [32—34]. Reducing the field of treatment to a part of the gland, spar- 
ing critical anatomical structures and reducing the total dose of energy, aims to 
reduce the toxicity while maintaining oncological outcomes. The target of focal 
salvage HIFU could be the index lesion, quadrant or hemi-lobe ablation. Only three 
studies with more than 10 patients are available on this issue [35—37] and only one 
of them is prospective [36]. Overall, 237 men underwent focal salvage HIFU treat- 
ment (Table 16.1) with median follow-up from 17 to 35 months. Biochemical pro- 
gression-free survival (BPFS) rates ranged from 49% at second year to 48% at third 
year using Kaplan—Meier analysis. During follow-up, local progression rate varied 
from 7% to 21%, metastatic progression rate varied from 5% to 12% and four (3%) 
cancer-related deaths (CRD) were registered in one series [37] Interestingly, in the 
Kanthablan report, the 6 of 10 patients with histologically confirmed local recur- 
rence underwent further salvage treatment [37]. This represents up to 50% of local 
recurrences after focal salvage HIFU who were additionally treated by other salvage 
therapy modalities, such as salvage radical prostatectomy, cryoablation, or 
IRE. ADT before focal salvage HIFU was used in 23-74% of patients; however, the 
potential impact of pre-salvage ADT on oncological outcomes was not evaluated in 
these series. 

Continence rates were similar in all studies and varied depending on definition: 
leak-free rates ranged from 64% to 75% in pre-focal salvage HIFU continent men 
and pad-free rates varied from 75% to 87%. The above series showed a detrimental 
influence of focal salvage HIFU on erectile function. International Index of Erectile 
Function (IIEF-5) score significantly decreased compared to baseline (from 18 to 13 
and from 11 to 7) [35, 36]. Only one study showed 59% of patients to maintain 
potency sufficient for intercourse after treatment, but data were only available in 
25% of study patients [37]. On the other hand, quality of life assessment before and 
after focal salvage HIFU showed no difference in EORTC QLQ-30 score (35.7 vs 
36.8, p = 0.2, respectively) [37]. 

Clavien grade 3 and higher complication rate was <27%, with 0-3% of fistula 
rate, 8% bladder neck stricture, and 4% pubic bone osteitis with one case of 
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Table 16.1 Focal salvage high-intensity focused ultrasound therapy: follow-up, toxicity, func- 


tional and oncological results 


[33], = 39 [34], n = 48 [33|,2= 150 


Technique Hemi 41%, quadrant | Hemi Hemi (34%), focal 
51% (55%) 
Index lesion (11%) 


Time post RT 86, range 48—180 71, range 32-175 80, SD + 32.9 
(months) 


Follow-up (months) 35, IQR 22-52 
BCR criteria Phoenix Phoenix 

BPFS 52%, 2-year 48%, 3-year 
BCR rate I 137.5% 51% 





Clinical progression | Local 4 (10.3%), Local 10 (21%), Local 10 (7%), distant 


distant 2 (5.1%) distant 6 (12.5%) 9 (6%) 
CRD | (2.7%) 


PSA (median) before | 3.3 ng/ml, range 5.5, IQR 3.6-7.9 
fos 0.02—27.9 


74.4% 23% 45.3% 


PSA nadir (median) 0.67 ng/ml, IQR 
(SD) 0.2-1.9 
>3 26% 213% 
Incontinence Pad-free 87.5% 
Leak-free Sa Leak-free ae Leak-free 67.6% 
from 18 tol3 from 11 to 7 
0% 





Fistula 26% 2% 

Stricture —— 8% 

Osteitis ff 42% 0.7% 

Initial treatment EBRT-97%, 
EBRT+HDR-3% 

Initial risk groups Low — 18%, Low — 21%, Low — 21%, 


intermediate 38% intermediate — 25% intermediate — 23% 


High — 44%, High —42%,NA- | High- 42%, NA- 
12% 14% 


Assessment of Biopsy + MRI Biopsy + MRI Biopsy + MRI 

recurrence 

Pre focal T-stage T1lc-T2-64%, T1-7%, T2-68%, 
T3a — 33% T3-25% 





Post focal treatment 25%-second HIFU reHIFU-40% RP-30%, IEP-10%, 


CRO-10%, 
SBRI-10% 





Notes: RIT—radiation therapy, BCR—biochemical recurrence, BPFS—biochemical progression- 
free survival, PSA—prostate-specific antigen, HIFU—high-intensity focused ultrasound, ADT— 
androgen deprivation therapy, IQR—interquartile, I[EF—International Index of Erectile Function, 
EBRT—external beam radiotherapy, MRI—magnetic resonance imaging, BT—brachytherapy, 
CRD—cancer-related death, HDR—high-dose brachytherapy, NA—not applicable, RP—radical 


prostatectomy, CRO—salvage cryoablation, SBRT—stereotactic body radiotherapy 
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pubovesical fistula. Predominant Clavien grade 1 complications were urinary tract 
infection. 

Patient selection for focal salvage treatment is essential to optimize results. A 
model to predict the outcome based on 150 men was proposed by Peters et al. very 
recently [38]. Time from initial RT to salvage treatment, T-stage (MRI based), pre- 
salvage PSA, PSA doubling time, and prostate volume were detected as predictors for 
BCR after focal salvage treatment. Time from initial RT to salvage treatment, T-stage 
(MRI based), pre-salvage PSA, prostate volume, and primary Gleason Score (GS) 
were detected as predictors for composite endpoints such as biochemical failure, local 
or distant disease progression, initiation systemic treatment or cancer-related death. 
Pre-salvage PSA as a predictor for BCR was confirmed by Baco et al. [36]. 


16.5 Focal Salvage Cryoablation 


As for HIFU, the use of cryoablation for whole gland salvage treatment has been 
reported since many years with significant toxicity, notably recto-prostatic fistula, 
but promising cancer control. The advances in the technology of cryotherapy per- 
mitted to initiate a more focal approach. 

The first report on the outcomes of focal cryoablation in radiorecurrent PCa was 
published by Eisenberg and Shinohara in 2008 [39]. Since that time, seven series 
with a total of 369 patients (Table 16.2) and with a clear definition of the used focal 
cryoablation technique are available [39-45]. The median follow-up ranged from 15 
to 37 months and BCR was defined using the Phoenix criteria [41]. Three- and five- 
year BPFS rates varied from 48% to 79% and from 47% to 54%, respectively. Local 
PCa recurrence varied from 5% to 20%. Only two series [40, 45] clearly defined 
distant disease progression (0% and 4%, respectively). Neoadjuvant ADT was used 
in 26-37% of the patients with no resulting prolongation of time to BCR [41-43]. 

Reported severe complications were rectal fistula and urethral stricture, both up 
to 5%. Acute urinary retention was reported in 26% of the patients. Urinary incon- 
tinence varied from 0% to 29%, with a mean incidence of about 10%. Preservation 
of potency varied from 29% to 78% but potency rates were evaluated in only half of 
the patients. QoL was assessed only by Bomers et al. using FACT-P, FACT-G and 
TOI questionnaires [42]. No difference between baseline versus 6-month and 
12-month scores were detected. 


16.6 Focal Salvage Stereotactic Body Radiotherapy (SBRT) 


Since 2012, five studies published results on focal salvage SBRT in 123 patients 
with radiorecurrent PCa (Table 16.3) [46-50]. Cyberknife was used in the majority 
of cases. It has to be noted that only 2 of the 5 studies used proven histologic recur- 
rence to trigger the salvage treatment. Follow-up so far is very short (median 1-year 
(range 10-29 months)). The highest 1-year BPFS rate was 86% but 3-year BPFS 
decreased to 55%. Local disease recurrence was detected in up to 33% and distant 
metastasis in up to 14%. No data are available about repeat local treatment after 
recurrence. Systemic treatment was initiated in all cases. 
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Grade 3—4 urinary toxicity was reported in up to 6% while grade 3 rectal toxicity 
was absent. 

Pasquier et al. showed that D’ Amico risk criteria before initial treatment, time 
from first RT to salvage treatment and SBRT dose were significant predictors for 
BCR [50]. 


16.7 Focal Salvage High-Dose-Rate Brachytherapy 


High-dose brachytherapy (HDRBT) represents one of the newest treatment modalities 
in focal salvage therapy. One retrospective [51] and three prospective [52—54] studies 
with a total of 130 patients were published since 2017 (Table 16.4). The radiation dose 
used for treatment was 19 Gy in one fraction or 27 Gy in two fractions. Follow-up 
ranged from median 10 to 36 months with very different BCR rates ranging from 6% to 
52%. Three-year BPFS rates ranged from 46% to 61%. Local disease progression varied 
between 0% and 44% and metastatic progression between 0% and 6%. 

There was no gastrointestinal toxicity Grade = 3 and no genitourinary toxicity 
grade 4 or 5. Grade 3 urinary toxicity ranged from 2% to 10%). Murgic et al. 
assessed QoL using the EPIC and van Son et al. used EORTC QLQ-C30 and 
QLQ-PR25, and RAND-36 questionnaires [52, 54]. Murgic et al. did not notice dif- 
ferences between baseline and QoL at 42 months in all domains, except for sexual 
function (p = 0.0007) [54]. Van Son et al. reported no clinically relevant QoL 


Table 16.4 Focal salvage high-dose-rate brachytherapy: follow-up, toxicity, functional and onco- 
logical results 


[49],n = 17 [50], n = 15 [S1|, 7% = 350? [52], 2 =50 
Technique 19 Gy single Quadrant, 27 Gy in | 19 Gy single dose 19 Gy single 

fraction 2 implants fraction 
Time post 96 91 — 101 
RT(months) | Range 30-228 Range 36—146 Range 25-228 
Follow-up 10 36 21 31 
(months) Range 3—40 Range 23-52 Range 1-51 Range 13-58 
BCR Phoenix — Phoenix Phoenix 
criteria 
BPFS 92 61% 46% 51% 

1-year 3-years 3-years 2.5-year 
BCR rate 6% 40% 26% 52% 
Clinical Local—O (0%) Local—3 (20%) Local—2 (4%) Local—22 
progression | Distant—1 (6%) Distant—O (0%) Loco-regional-1 (44%) 

(2%) Distant—3 (6%) 
Distant—3 (6%) 

PSA 4.8 ng/ml 4.1 ng/ml — 5 ng/ml 
(median) Range 0.89-6.8 Range 1.3-9.3 Range 0.9-39 
before 
HDBT 
ADT — 0% 10% O% 


(continued) 
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[49],n=17 [S0],n=15 [SL]. =50* [32 |,.2= 50 
PSA nadir | — — 0.59 ng/ml — 
(median) Range 0-35 
Acute GU Grade 1-18% Grade 1-0% Grade 1—36% Grade 1—26% 
toxicity Grade 2—12% Grade 2—14% Grade 2—54% Grade 2—17% 
Late GU Grade 1-18% Grade 1—20% Grade 1—32% Grade 1—20% 
toxicity Grade 2—24% Grade 2—47% Grade 2—54% Grade 2—23% 
Grade 3-6% Grade 3—7% Grade 3-10% Grade 3-—2% 
Acute GI Grade 1-53% Grade 1—20% Grade 1—24% Grade 1—24% 
toxicity Grade 2—8% 
Late GI Grade 1—35% Grade 1—20% Grade 1—22% Grade 1-9% 
toxicity Grade 2—14% Grade 2-8% Grade 2-5% 
Initial LDBT-53% EBRT—100% EBRT-44% LDBT-50% 
treatment EBRT-47% EBRT+HDBT-2% | EBRT-50% 
LDBT-36% 
HDR-14% 
HIFU-4% 
Initial risk Low-—6% Low-—33% Low-18% = 
groups Intermediate-—53% | Intermediate-—53% | Intermediate-44% 
High—41% High-14% High—38% 
Assessment | MRI + biopsy MRI + biopsy MRI + biopsy MRI + biopsy 
of 
recurrence 


Notes: RT—radiation therapy, BCR—biochemical recurrence, BPFS—biochemical progression- 
free survival, PSA—prostate-specific antigen, ADT—androgen deprivation therapy, IQR—inter- 
quartile, EBRT—externalbeamradiotherapy, MRI—magneticresonanceimaging, BT—brachytherapy, 
CRD—cancer-related death, HDBR—high-dose brachytherapy, NA—not applicable, GU—genito- 
urinary, Gl—gastrointestinal, RP—radical prostatectomy 

“initial treatment—HIFU for 2 (4%) patients, HIFU—high-intensity focused ultrasound, HDR— 
high-dose radiation therapy 


deteriorations except 22% newly developed grade 3 erectile dysfunction [54]. 
Chitmanee et al. found PSA nadir post-salvage HDRBT (0.5 ng/ml vs. >0.5 ng/ml) 
to be the only predictor for biochemical progression at multivariate analysis [53]. 
However, those results must be taken with caution as systemic treatment with ADT 
was allowed both pre- and post-salvage HDRBT. 


16.8 Focal Salvage Low-Dose-Rate Brachytherapy (LDRBT) 


Six small series with a total of 87 patients are published on this topic since 2007 
[S5—60]. In all series the majority of patients presented with favourable prostate 
cancer (low- and intermediate-risk) before initial treatment (Table 16.5). Dose var- 
ied between 137 Gy and 145 Gy. The median follow-up ranged from 23 to 56 months. 
Four-year BPFS varied from 70% to 78%. BCR rate during the follow-up varied 
between 13% and 31%. Disease progression was not common in this cohort: local 
recurrence in 5 (6%) patients as well as metastatic disease in 5 (6%). For two 
patients with local recurrence, LDRBT was repeated. In other cases, systemic treat- 
ment was initiated. 
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In the very first study, grade 3 urinary and rectal toxicity were reported in 16% 
and grade 4 GU/GI complications requiring surgical intervention were reported in 
12% [55]. Interestingly, in more recent series only one grade 3 toxicity was regis- 
tered [57]. Quality of life was assessed using EORTC QLQ-C30 and QLQ-PR25, 
and RAND-36 in one study [57]. Physical functioning, general physical discomfort 
and treatment-related symptoms showed no clinically relevant deterioration after a 
median 3-year follow-up. Only urinary symptoms showed statistically significant 
and clinical relevant deterioration. 


16.9 Focal Salvage Irreversible Electroporation (IRE) 


Only one retrospective report is available in the literature on this subject [61]. In 18 
patients (median follow-up of 21 months) functional results were promising with 
91% (10/11) being pad free and 50% (2/4) maintaining potency at 12 months. EPIC 
and SF-12 quality of life questionnaires showed no significant difference in all 
domains except sexual function compared with baseline. The authors presented 
acceptable oncological outcomes: BCR rate 17%, local recurrence rate 11% and 
metastases rate 6% during follow-up. No grade 3 toxicity was reported. 


16.10 Salvage Vesiculectomy 


Salvage vesiculectomy seems a rational treatment option in the light of increasing 
evidence of the effectiveness of salvage surgery among patients with PCa recur- 
rence, including both local recurrence and lymph node recurrence. Only 7 patients 
are reported in the literature who underwent prostate preserving seminal vesicles 
excision for radiorecurrent PCa. These men were incorporated in a study together 
with 9 seminal vesicles remnant excisions after initial surgical treatment and sal- 
vage RT [62] and data related to this issue are very limited. At a median follow-up 
of 45 (IQR 12-58) months, BCR and local relapse was detected in 5 and 2 out of 7 
patients, respectively. Overall complication rate in this series was 26%, of which 
13% were Clavien grade 3. 


16.11 Conclusions 


A total of 28 studies report the results of focal salvage therapy for PCa recurrence 
after initial radiotherapy. The rationale of focal salvage treatment follows the find- 
ings that PCa after radiotherapy recurs mostly in the area of the primary index lesion 
and in up to 70% as a single foci. Precise exclusion of distant metastasis and assess- 
ment of local recurrent foci using PET/CT and multiparametric MRI is essential to 
select patients for focal salvage treatment. 

Oncological outcomes in these studies were mostly directed to biochemical 
recurrence-free survival and results are acceptable, independent of treatment modal- 
ity. Overall local recurrence and metastatic disease progression after focal treatment 
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reached 10% and 5%, respectively, and are comparable with the results of whole 
gland salvage treatment. However, interpretation of the presented data should be 
with caution because of the heterogeneous selection of candidates across studies, 
short follow-up, small sample size, mostly retrospective study designs and different 
patient characteristics before initial treatment. Even if the medium-term outcomes 
seem favourable, there is currently no reliable data on long-term overall survival, 
cancer-specific survival or clinical progression-free survival in the focal salvage 
therapy setting. 

Treatment-related side effects of focal salvage treatment, in general, seem 
favourable. Severe GU and GI toxicity is limited to 5—12%, continence preservation 
is observed in the majority of men in most of the studies. However, data about the 
preservation of erectile function are controversial. Although most of the studies are 
relatively recent, functional assessment before and after salvage treatment were het- 
erogeneous. The effect of focal salvage treatment on quality of life was reported in 
only five studies with no difference from baseline in most domains, except an 
increase in urinary symptoms after low-dose-rate brachytherapy and decrease in 
sexual function after high-dose-rate brachytherapy. 

Available up-to-date focal salvage treatment results are promising and provide a 
good chance for selected patients to control disease recurrence with a low side effect 
and toxicity profile. However, at present, no strong recommendations can be made 
because of the absence of randomized studies with standardized assessments, defi- 
nitions and protocols. There is a need for prospective studies evaluating and com- 
paring oncological findings, toxicity and quality of life between the various 
treatment modalities including focal and whole gland salvage treatment. 
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17.1. Introduction 


After radical treatment for prostate cancer (PCa), prostate-specific agent (PSA) is 
the biomarker that will indicate whether or not there is a recurrent disease. Between 
34 and 46% of men treated with radical prostatectomy (RP) or radiation therapy 
(RT) will develop biochemical recurrence (BCR) at long-term follow-up [1]. BCR 
is detected due to PSA increase >0.2 ng/ml after surgery or PSA increase >2 ng/ml 
higher than the PSA nadir after RT. Historically, once the patient has developed a 
biochemical recurrence after radical prostatectomy, he is treated with radiation ther- 
apy in cases of local recurrence or with androgen deprivation therapy (ADT) in 
cases of systemic relapse. Targeted therapy for oligometastatic disease is a quite 
modern concept, its aim being to reduce the tumor burden. One of the obstacles to 
the use of a highly selective treatment approach has been the difficulty in precisely 
locating metastases. The most recent technological improvements, however, allow a 
better definition of sites of metastasis, making it feasible to use metastasis-directed 
treatment modalities [2]. Thanks to these new diagnostic tools it is now possible to 
identify a subgroup of patients with systemic disease “limited” to the regional and/ 
or retroperitoneal lymphatic stations who have a more favorable prognosis com- 
pared to those with bone or visceral metastases [3]. Within this context, metastatic 
lymph node dissection (LND) in nodal recurrent PCa after radical treatments has 
become a feasible salvage approach, and salvage LND (sLND) has been proposed 
in patients with “node-only” biochemical recurrence (BCR) after definitive treat- 
ment of primary PCa. 
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In recent years, a number of studies have reported the results of salvage surgery 
in patients with LN metastases in the small pelvis following previous local treat- 
ment. Unfortunately, all these emerging data derive from retrospective studies, and 
neither the template nor the real value of sLND has been clearly defined. Given this 
low level of evidence, EAU Guidelines recommend early or delayed hormonal ther- 
apy for nodal metastasis after radical prostatectomy, while sLND remains an experi- 
mental treatment to be used in study settings. 


17.2 Patient Identification 


Once the patient has developed BCR after PCa radical treatment, progression can 
occur locally or at a distant site. The importance of properly identifying patients 
with local failure is to select the most adequate salvage therapy. Despite the fact that 
sLND is currently mentioned in clinical practice guidelines, the identification of the 
optimal candidate is not well established yet. The EAU guidelines mention this 
approach for patients with recurrent PCa after local treatment with nodal metastasis 
but without differentiation of location and number of lesions [4]. Oligometastatic 
PCa is defined as the presence of three or less to five metastasis, no rapid spread to 
more sites and feasibility of targeted treatment of all the lesions with either RP or 
RT [5]. According to the current evidence, oligometastatic patients are potentially 
good candidates for sLND since it is considered a feasible option in nodal recur- 
rence after primary treatment [6]. A risk stratification calculator has been developed 
based on preoperative characteristics (Table 17.1), helping to assess which patients 
might present an early clinical recurrence, which is defined as a positive imaging 
with rising PSA levels within the first 12 months after SLND, and thus not benefit 
from the surgery [7]. According to these risk groups, patients with higher Gleason 
score, shorter time to PSA rising and higher serum levels of PSA at the time of 
sLND, previous hormonal treatment, retroperitoneal involvement and with > 3 pos- 
itives spots detected at PET/CT scan would be likely to present an early clinical 
recurrence and would poorly benefit from sLND. 


17.3. Imaging for Nodal Recurrence 


EAU guidelines recommend the use of positron emission tomography/computed 
tomography (PET/CT) to identify patients with nodal recurrence after primary 
PCa treatment. Preoperative choline-PET/CT is the most used imaging 


Table 17.1 Predictor factors for early clinical recurrence after SLND 


e Gleason grade group 

e Time from intervention to PSA rising 

e Hormone therapy administration at the time of PET/CT scan 
e Retroperitoneum involvement at PET/CT scan 

e Number of positive spots at PET/CT scan 

e PSA level at SLND 
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technique in studies on sLND for nodal metastasis detection. According to two 
recent meta-analyses, choline-PET/CT showed a pooled sensitivity and speci- 
ficity of 49.2-62% and 92-95%, respectively [8, 9]. Such a low sensitivity 1s 
explained due to the fact that choline-PET/CT strongly depends on PSA levels 
and kinetics. The detection rate of Choline-PET/CT is quite satisfactory in 
patients with PSA levels over | ng/ml, otherwise its efficiency for metastasis 
detection is reduced [8]. In another meta-analysis using choline-PET/CT, a PSA 
value >3 ng/ml was associated with a detection rate of 73-81.9%, reaching 
71.5-100% when PSA value >5 ng/ml. According to these authors, the pooled 
sensitivity and specificity of choline PET/CT in lymph node metastases detec- 
tion was 100% and 81.8%, respectively [10]. 

More recently, prostate-specific membrane antigen (PSMA), which is a trans- 
membrane protein expressed on the surface of prostatic cells, has become an 
interesting target in PCa imaging due to its overexpression on prostate cancer 
cells. Various molecules have been developed to label PSMA, °8Ga-PSMA-11 
being the most widely studied radiotracer [11]. In a meta-analysis from Perera 
and cols, they observed a pooled sensitivity and specificity for °*Ga-PSMA PET/ 
CT of 75% and 99%, respectively. They also noted that the rate of lymph node 
detection increased with PSA levels. The percentage of positive scans were 33%, 
46%, 57%, 82%, and 97% for patients with PSA levels <0.2 ng/ml, 0.2—0.49 ng/ 
ml, 0.5—0.99 ng/ml, 1—1.99 ng/ml, and >2 ng/ml, respectively [12]. These results 
show that °°Ga-PSMA PET/CT might improve the detection of metastases in 
patients with BCR in a low PSA level scenario. In a study comparing choline- 
PET/CT with *’Ga-PSMA PET/CT, the latter demonstrated a higher statistically 
significant detection of PCa relapse, especially at low pre-PET PSA levels [13]. 
Another novelty in the imaging field for recurrent PCa is hybrid PET/Magnetic 
resonance imaging (MRI). Some studies have observed an accurate and reliable 
detection rate of lymph node metastases compared to PET/CT as standard care 
using °°Ga-PSMA as radiotracer, also in patients with PSA <0.5 ng/ml [14-16]. 
However, PET/MRI has still a limited availability and a longer scan time of 
around | hour [17]. 


17.4 Surgical Aspects of Salvage Lymph Node Dissection 


The extent of dissection for an optimal sLND still represents an open debate in the 
scientific community. This lack of consensus is due to the fact that patients undergo- 
ing this kind of surgery are a heterogeneous group. According to the EAU guide- 
lines, an initial LND is not recommended if the risk of nodal metastasis 1s <5% 
(incidentally, 40% of patients undergoing surgery develop BCR with rising levels of 
prostate-specific antigen (PSA)). As a consequence, some patients with nodal recur- 
rence will have undergone an initial standard LND; meanwhile, others will not; in 
other cases, the targeted tissue will have previously received radiation. Usually, 
sLND is guided according to the findings of preoperative PET/CT, although a more 
extended dissection should be carried out if the inaccuracies of currently available 
imaging techniques are taken into account. 
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Commonly, the area of sLND and its anatomical limits are guided by the results 
of preoperative staging imaging. Since no established criteria are available, the 
LND may be performed by dissection of suspicious nodes at imaging or using a 
predetermined template. In a prospective study by Rigatti and colleagues to assess 
the prognostic impact of SLND in patients with BCR after prostatectomy, they 
described their template for pelvic and retroperitoneal LND [18]. Pelvic LND 
included fibrofatty tissue along the external iliac vessels with a distal limit at the 
deep circumflex vein and femoral canal and proximal limit from the common iliac 
vessels up to the aortic bifurcation. Lateral and medial limits consisted of the pelvic 
sidewall and the perivesical fat, respectively. The tissue in the obturator fossa was 
also removed until the obturator nerve was cleared, as well as lymph nodes next to 
the internal iliac artery. Retroperitoneal LND included the nodal tissue between the 
renal artery as the cranial limit and the aortic bifurcation as the caudal limit; the 
medial and lateral limits consisted of the midline of the vena cava and the right 
ureter and the midline of the aorta and the left ureter. About retroperitoneal LND, it 
has been questioned if it should be performed for SLND due to the fact that patients 
present limited benefit of the surgery since retroperitoneal involvement represents a 
worse prognosis and patients tend to relapse early [5]. The fact that the extent of 
LND remains an eminence-based decision is all the more explicable if one bears in 
mind the low level of concordance between imaging findings and pathology reports 
in terms of both the number (58.3%) and the location (83%) of positive nodes [19]. 

Salvage LND seems to be characterized by a low morbidity. According to the 
literature, the overall complication rate ranges from 7.4 to 91.4% The majority of 
complications do not require reintervention; paralytic ileus and deep venous throm- 
bosis are the most frequent. In a recent systematic review by Ploussard and cols, 
most of the complications observed in patients undergoing SLND were low grade in 
the Clavien—Dindo classification (Table 17.2). Lymphorrhea and symptomatic lym- 
phoceles that required drainage were the most common complications aside from 
fever and wound management. Concerning high-grade complications, the most fre- 
quent were lymphocele requiring drainage, ureteral stenting due to stricture or sep- 
sis, and pulmonary embolism. The authors also reviewed the complications in four 
series of robotic-assisted SLND, where no major grade III/IV complications were 
reported using a minimally invasive approach. These facts might invite to think of 
SLND as a procedure with an acceptable safety profile, although there is currently 
a lack of high-quality evidence studies that allow to compare open versus robotic- 
assisted SLND in terms of safety [6]. 


Table 17.2 Frequency Clavien—Dindo classification | Frequency 

of reported complications Gadel 062.5% (mean 21%) 

for SLND* ; 
Grade II 0—37.5% (mean 11%) 
Grade IIIa 0—20% (mean 4.9%) 
Grade IIb 0-15.6% (mean 4.5%) 
Grade IV/V 1 case reported 


‘adapted from [6] 
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17.5 Oncologic Results 


The current role of SLND is to delay the need for systemic treatments since it 1s not 
a curative approach, and thus biochemical recurrence-free survival (BCRES) arises 
as the primary objective; however, there is not an accurate definition for BCRFS at 
this moment (184). In most studies, authors define biochemical response as PSA 
under 0.2 ng/ml within 40 days after surgery [5]. In the systematic review by 
Ploussard and cols, the most extensive to date, the authors reported a complete BCR 
after SLND in 13—79.5% of cases and a 2- and 5-year BCRFS that ranged 23-64% 
and 6—31%, respectively [6]. Postoperative predictive factors associated to better 
outcomes after SLND were a low number of positive lymph nodes in the tissue 
extracted, a complete biochemical response after surgery with PSA under 2 ng/ml 
and lack of extrapelvic lymph nodes in the pathological analysis [6]. 

According to the literature, sLND appears a feasible procedure, and in this con- 
text, it 1s to be borne in mind that most patients will experience a BCR after surgery. 
Even if some authors have reported a 5-year BCR rate of 45%, in most of the pub- 
lished studies the rate does not exceed 20%. Moreover, only 26-34% will not expe- 
rience clinical recurrence. All these data suggest that sLND can prolong survival 
and delay the need for systemic therapy but is not really able to cure the disease 
[20]. Hence, patient selection for sLND plays a crucial role and should be under- 
taken carefully. 

Despite its promising role, available publications providing evidence on BCRFS 
after SLND are currently scarce and authors of recent reviews agree there is a lack 
of long-term prospective randomized studies that yield high-quality evidence [5, 6, 
21, 22]. In the given context it is not currently possible to properly assess the onco- 
logical role and the clinical impact of sLND, and thus the long-term results after the 
surgery. 


17.6 Key Points 


e &Ga-PSMA PET/CT is currently the best option for the diagnosis of nodal recur- 
rence in a low PSA scenario. 

e SLND has an acceptable safety profile; the extent of the surgery should include 
a thorough pelvic template. 

e Long-term prospective trials are needed to better assess the oncological and clin- 
ical role of sLND. 
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Morena Turco, Francesca Pisano, Joan Palou, and Alberto Breda 


18.1. Introduction 


Nowadays the incidence of prostate cancer (PCa) is increasing worldwide, becom- 
ing the most common cancer. Considering the growing use of radiation therapy (RT) 
with curative intent [1], the management of radio-recurrent disease represents an 
open debate in the urological community [2]. 

After primary RT for PCa, treatment failure can be distinguished in biochemical 
and clinical relapse. According to the available literature, cancer is confined to the 
prostate and seminal vesicles in over one-third of RT failures, while almost 60% of 
disease recurrence occurs in the bone, visceral organs, and pelvic and abdominal 
lymph nodes [3]. 

Although primary external beam radiotherapy (EBRT) is widely used as a non- 
surgical treatment strategy for localized PCa thanks to its non-invasiveness, a part 
of the literature describes a 10-year recurrence rate up to 60% [4—6]. According to 
other authors, the 5-year biochemical recurrence rate does not exceed 15% in low- 
and intermediate-risk PCa and ranges from 20 to 50% by 10 years [7-11]. 

Currently, there is no consensus on the most appropriate treatment strategy for 
those patients with recurrent PCa after primary RT. Most of these cases are managed 
with observation or palliative treatment with ADT alone [12]. 

The aim of this chapter is to focus on the role of re-irradiation for biopsy-proven 
locally recurrent PCa following prior curative RT. We will refer to it as salvage RT. 
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18.2 Detection of the Site of Recurrence 


In patients with biochemical recurrence (BCR), defined as a PSA elevation of =2 
ng/ml above the nadir PSA post therapy [13], it is mandatory to evaluate the distri- 
bution pattern of recurrent disease (locoregional or distant metastases) in order to 
better define any further treatment strategy [14]. 

The EAU Guidelines recommend to perform a prostate multiparametric mag- 
netic resonance imaging (mpMRI) to detect the local recurrence after primary RT 
and to guide target biopsies and local salvage treatment [15—18]. Nevertheless, 
there are other imaging techniques to detect sites of local relapse after 
RT. ''C-choline PET/TC scans have shown a sensibility of 90% in the case of 
PSA value >2 ng/ml following irradiation [19]. In addition, results of both 
°’Ga-prostate-specific membrane antigen (PSMA) and '8F-fluciclovine PET/TC 
have demonstrated to be more accurate in detecting radio-recurrent PCa [20, 21]. 
Unfortunately, the BCR could be also associated with the rise of micrometasta- 
ses, and only a few patients would develop a true local recurrence liable to sal- 
vage therapy [22-25]. 


18.3 Available Treatment Options for Recurrent PCa After 
Primary RT 


The literature has described a general underutilization of local salvage therapy in 
patients with radio-recurrent PCa. Tran and colleagues reported that only 2% of 
these patients received a local re-treatment [12] while other authors recorded a 3% 
use of salvage radical prostatectomy (SRP) [26]. 

Many patients with BCR may present an organ-confined disease, and the efforts 
of salvage local therapies are addressed to them [27]. Nevertheless, a considerable 
proportion of these patients might develop subsequent distant metastases after a 
local salvage treatment, probably due to the presence of undiscovered micrometas- 
tases. In these cases, local therapy may be unsuccessful, especially in those patients 
with negative predictive factors at PCa recurrence diagnosis (e.g., high T stage and 
Gleason score, a PSA doubling time (PSA-DT) <6 months following recurrence) 
[28]. According to the National Comprehensive Cancer Network (NCCN), patients 
with original T1-T2 clinical stage, Nx/NO, with life expectancy >10 years, PSA 
<10 ng/ml prior to salvage treatment, without distant metastasis at imaging and 
PSA-DT, and a positive prostate biopsy after curative RT may benefit from local 
salvage therapy [29]. 

Based on the EAU Guidelines, SRP seems to be now considered the better option 
for patients with local recurrent PCa after primary RT. A recent systematic review 
described 5- and 10-year BREFS of 47-82% and 28-53%, respectively, and 10-year 
cancer-specific survival (CSS) and overall survival (OS) of 70-83% and 54-89%, 
respectively [30]. SRP is however associated with higher postoperative complica- 
tions than primary RP [31, 32], as well as for the functional outcomes [30], even if 
the risk is lower in experienced tertiary centers [26, 33]. 
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Nowadays, several local salvage therapies other than SRP have been suggested 
(salvage brachytherapy, EBRT, high-intensity focused ultrasound—HIFU-, cryo- 
surgery). By the way, there is no consensus on the best one and none of these is 
widely used [34] due to the high risk of related toxicity and side effects [35, 36]. The 
ADT is currently considered also an alternative treatment, being the therapy most 
used in PCa radio-recurrent patients (98% of them) [12] even if it is often associated 
with important side effects, first of all, cardiovascular and metabolic ones [37, 38]. 


18.4 Salvage Radiation Treatment Options 


Nowadays, the therapeutic panorama is characterized by several re-irradiation 
options, including EBRT, low dose rate (LDR) and high dose rate (HDR) brachy- 
therapy (BT), and stereotactic body RT (SBRT). In the last years, the advances in 
radiation treatment technologies have led to the limited irradiation of the prostate, 
without the involvement of the neighboring organs [39]. According to the EAU 
Guidelines, salvage LDR or HDR BT are a valid curative alternative for highly 
selected patients [13], with tolerable toxic events [40-42]. Promising outcomes 
were described also for EBRT using SBRT techniques. 


18.5 External Beam Radiation Therapy 


The use of EBRT as post-RT local salvage treatment is described in few studies with 
restricted cohorts of patients, due to its severe toxicity over the surrounding tissues. 
Among the 935 men registered in the CaPSURE (Cancer of the Prostate Strategic 
Urological Research Endeavor) database and undergoing salvage ablative treat- 
ment, only 8 were managed with re-EBRT, without any observed survival benefits 
[4]. More contemporary data confirmed that only 2% of radio-recurrent PCa are 
treated with local salvage therapy, while the remaining percentage undergoes obser- 
vation or ADT [12]. 

The recent development of new EBRT modalities, such as intensity-modulated 
RT (MRT) with increased conformality, inverse planning with computer optimiza- 
tion, proton therapy, position verification techniques [43, 44], with enhanced preci- 
sion and safer dose escalation, could be associated with better outcomes and toxicity 
profiles. In the last years, oncologic outcomes following EBRT have improved 
thanks to fractionation of the dose from 64 to 81 Gy [39, 45]. 

However, a comparison between the different cohorts of re-irradiated patients is 
made difficult by the heterogeneity of the techniques, the adjuvant use or not of 
ADT, no standard definitions of BCR, and the range of follow-up. Furthermore, in 
several studies, there is a lack of information about primary EBRT characteristics, 
which is a further limitation in evaluating the treatment-related toxicity. 

In a recent study, Zilli and co-workers described the long-term results after entire 
prostate re-treatment with EBRT with or without a dose-escalated BT boost in 14 
patients with local failure following definitive EBRT [46]. The median time between 
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the first irradiation and the salvage one was 6.1 years (range 4.7—10.2). The authors 
reported a low long-term biochemical and local disease control, with 5-year BRFS 
and local relapse-free survival rates of 35.7% and 50%, respectively, and 5- and 
8-year distant metastasis-free survival (DMFS), OS and CSS rates of 85.7% and 
76.2%, 92.9% and 76%, and 100% and 91.6%, respectively. Although the patients 
did not experience clinical toxic signs following the first irradiation, the rates of late 
serious adverse events after the re-irradiation were higher than those reported by the 
available literature. According to Zilli et al., 29% of patients developed a Grade 4 
genitourinary (GU) and gastrointestinal (GI) toxicity, and 36% of patients Grade 5 
GI adverse events (Table 18.1), according to Common Terminology Criteria for 
Adverse Events toxicity scale (CTCAE ver. 3.0) criteria [49]. Most recently, the 
same group focused the attention on radiation dose-related toxicity on the rectum, 
identifying a potential safe threshold dose (summed dose <130 Gy) [50], as sup- 
ported by literature [51]. The study suggested that the capacity of the rectum to 
recover from a salvage re-irradiation, and thus its toxic injury, depends on the total 
of the doses received from the two radiation treatments by the same rectum area, 
despite a long interval between the two regimens [52]. In addition, patient’s cardio- 
vascular factors and their influence on peripheral microvessels may play a role in 
determining the severity of the rectal damage [53]. 

Several studies evaluated also the clinical outcomes of salvage BT performed 
after primary EBRT [54-56] but few reports described the role of EBRT following 
initial BT. In 2016, Rutenberg and colleagues investigated the efficacy and radiation- 
related GU and GI toxicity of salvage EBRT for exclusive locally recurrent PCa 
after primary LDR BT [47]. According to the current evidence, they confirmed the 
feasibility and efficacy of salvage EBRT in disease control and associated side 
effects in selected patients after primary BT. In addition, the authors stressed on the 
advantage of EBRT for its wide accessibility, and for reaching fields beyond the 
prostate, which may be sites of micrometastasis, as pelvic lymph nodes. 

Given all these data and according to the EAU Guidelines, the role of whole 
gland re-irradiation with EBRT as salvage treatment is currently limited by the high 
toxic effects that affect the quality of life [41, 57]. However, new modalities (e.g., 
SBRT, volumetric-modulated arc therapy, image guidance) could ameliorate the 
impact of EBRT. 


18.6 Brachytherapy 


BT seems to provide a good oncologic outcome in about half of patients with locally 
recurrent PCa liable of salvage treatment. However, the existing studies about BT 
are built on heterogeneous patients population treated with or without neoadjuvant 
ADT and subsequent broad range of biochemical response, as described previously 
for the EBRT. 

Based on a contemporary systematic review and meta-analysis of the non- 
surgical salvage local treatments by Ingrosso et al., salvage BT is associated with 
the best local control and the lowest toxicity side events [58], with reported 5-year 
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BRES, disease-free survival (DFS), related GU and GI toxicity Grade > 3 of 20-75, 
34-87, 0-47 and 0—-24%, respectively [59, 60]. The advantage of the BT lies 
in localizing and treating a target area with a compliant high radiation dose, avoid- 
ing in this way to deliver the same dose to the adjacent healthy organs. 

BT technique may be separated into LDR and HDR one, depending on the 
modality in delivering radiations, although both use high doses of radiation in a 
highly conformal way. The two are accepted as salvage option by the NCCN for 
locally radio-recurrent PCa (Tables 18.2 and 18.3). 


18.7. Low Dose Rate Brachytherapy 


Regarding the LDR BT, this is characterized by the permanent implant of radioac- 
tive seeds (generally '*I and 'Pd, with half-life of 59.4 and 17 days, respectively) 
directly into the target lesion or area (e.g., whole prostate), with a slow delivery of 
the dose over the time (dose escalation), according to the isotopes decay [72]. A 
transrectal ultrasound is generally carried out prior to the procedure in order to col- 
lect information about the perineal anatomy and to design the strategy (e.g., seed 
number and position). The implant is usually performed with ultrasound and fluoro- 
scopic guidance [73], under spinal or general anesthesia. A CT scan, with or without 
MRI, is recommended to select the target area carefully [74]. 

As mentioned above, the literature provides various cohorts of patients. Initial 
studies belong to a retrospective case series of 49 patients in 1999, Grado et al. 
described 5-year BRFS, CSS, and OS of 34, 79, and 56%, respectively, with a low 
incidence of severe complications (e.g., incontinence and rectal complications). In 
particular, the authors observed that acute urinary symptoms were typical but tem- 
porary [54]. More recently, Moman and colleagues evaluated retrospectively a 
cohort of 31 patients treated with salvage '*°I implantation for histologic-proven 
local recurrent prostatic disease following prior EBRT. They recorded a limited 
BREFS (51% at 1 year and 20% at 5 years), and common GU and GI adverse effects 
(chronic Grade 1—2 both GU and GI of 55% and 51%, respectively; no Grade > 4 GI/ 
GU toxicity) [35]. The long-term oncologic outcomes of salvage BT for radio- 
recurrent PCa were reported by Burri et al., finding a BRFS of 54%, CSS of 96%, 
and OS of 74% at 10 years [41]. In particular, they noticed a better BRFS when the 
pre-salvage PSA value was <6 ng/ml, and more severe toxicity in patients undergo- 
ing pelvic node dissection before re-irradiation with BT. Vargas and coworkers pub- 
lished results about a wide cohort of patients managed with BT and adjuvant and/or 
neoadjuvant ADT. The 5-year BRFS rates for castration sensitive and castration- 
resistant disease were 73.8% and 22%, respectively, while the 5-year DMFS and OS 
were 90% and 64%, respectively [63]. Few patients experienced late toxic signs 
(GU Grade 3 toxicity of 8.7% in the absence of GU Grade 4 or GI Grade 3). In 
2017, Baumann reported promising oncological outcomes in high-risk patients 
receiving reduced-dose salvage BT combined with ADT (neoadjuvant plus adjuvant 
ADT), with 5- and 7-year BRFS rates of 79% and 67%, respectively, and 5- and 
7-year DMEFS of 93% and 86%, respectively [66]. Eighty-five percent of patients 
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did not refer to chronic Grade 3 GU adverse events at 5 years, and none of them 
reported late Grade > 2 GI toxicity. These data supported the feasibility, tolerability, 
and benefit of this approach. A recent prospective multicenter phase I trial involv- 
ing 92 patients (NRG Oncology/RTOG —0526) revealed a great tolerability of the 
treatment [75]. The authors reported the incidence of late Grade 3 GU or GU toxic- 
ity in only 12 patients (14%) and no early or chronic Grade 4 or 5 adverse events (at 
5 years). Notably, the interval between the first irradiation (EBRT) and the second 
one (salvage BT) is also to consider. In another prospective trial, Nguyen reported 
that an interval < 4.5 years between primary and salvage irradiation is strongly asso- 
ciated with higher GU/GI toxicity [76]. In Crook’s report, instead, the median inter- 
val since prior RT was 7 years (IQR 5-10 years), sufficient time to minimize the 
cumulative toxicity over the passed time, explaining probably in this manner the 
considerably lower severe adverse events rates. Another important factor is the for- 
mer EBRT dose. The prior radiation dose could be 78-81 Gy in 1.8—2 Gy fractions, 
as indicated by RTOG-0526 (RTOG- 0526, Clinical Trials Registry) [77]. The sal- 
vage radiation dose is also relevant since the tissues become more sensitive to irra- 
diation after a primary course. Although different regimens have been proposed, 
regular doses are used in most cases (e.g., 120-145 Gy using '*I or 100-120 Gy 
with '!°Pd). Furthermore, dose constraints are been suggested recently to limit the 
late serious toxicity in a salvage setting [78, 79]. Reports by Lee and colleagues 
with 90 Gy '°Pd have shown 5-year BRFS of only 38% and no Grade 3 adverse 
events [80]. Conversely, Wong et al. noted a biochemical control in all patients 
using '*I or }Pd with D90 > 140 Gy or > 125 Gy, respectively, where D90 is the 
minimum dose covering 90% of the prostate volume [61]. However, Rose described 
the association between higher D90 and raised late adverse effects [81]. 


18.8 High Dose Rate Brachytherapy 


The HDR BT is performed by using a highly radioactive isotope, generally !”7Ir, 
delivered through a scaffolding of catheters implanted into the prostate. The transit 
through them is about 15—20 minutes [82]. TC or ultrasound are used to treatment 
planning, even if the latter seems to be more useful in avoiding the risk of catheter 
movements when the patient moves. Often, a single implant is able to administer 
multiple doses, though this implicates the constant check of the catheter’s position 
before delivering each radiation dose [83, 84]. In addition, the seminal vesicles or 
gland’s portions with extracapsular extension can be reached by the delivered dose. 
Another advantage of HDR is that can provide a focal treatment, being addressed to 
a target site identified with imaging (mpMRI or PET scan), with an easy dose esca- 
lation, and a lower toxicity. Current data about biochemical control and late toxic 
events of HDR BT are promising [85]. The scheduled doses for salvage HDR BT 
are various among the literature. A retrospective analysis was performed by Chen in 
52 patients receiving salvage HDR BT with a fractioned scheme of 36 Gy over six 
fractions through two separate implants | week apart [40]. The authors found 5-year 
BRES and OS rates of 51% and 92%, respectively, while the late adverse events 
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were relatively few, concluding that salvage HDR BT was a valid salvage option. 
Later, Yamada et al. evaluated prospectively a cohort of patients receiving 32 Gy in 
four fractions in a single implant (Phase I study) [57]. They supported the efficacy 
and well tolerability of this modality, reporting 5-year BRFS of 68.5% and OS of 
79%, and no serious toxicity effects. More recently, Wojcieszek proposed another 
schedule with a delivery of 30 Gy in three fractions (3 x 10 Gy). The 5-year BRFS 
was 67% [70]. 

In 2017, a comparison between LDR and HDR BT was performed by Kollmeier 
et al., analyzing their own series of 98 patients (37 LDR; 61 HDR), and concluding 
that both have significantly comparable oncologic and toxicity outcomes, even if 
acute urinary retention and late urethral strictures were more common in patients 
managed with HDR (ratio 8:1) [86]. 


18.9 Stereotactic Body Re-irradiation 


SBRT is considered a new non-invasive and viable salvage option, with the charac- 
teristic of being like EBRT (even if the total dose is administered in 2—5 fractions), 
and able to achieve roughly the HDR BT dosimetry [87]. Its use for the locally 
radio-recurrent disease has been investigated by several studies, with optimistic 
results but short follow-up, lacking of data about long-term outcomes [88, 89] 
(Table 18.4). Out the initial reports about this technique, the prospective study by 
Fuller et al. of 29 patients receiving 34 Gy in five fractions, described a BRFS of 
82% at 2 years, with the absence of local failures and low related-toxicity (GU tox- 
icity Grade > 2 and Grade > 3 in 18% and 7% of patients, respectively, and any GI 
toxic events Grade > 1) during a median follow-up of 24 months (range 3—60 months) 
[87]. Two years later, Leroy and co. published data from a smaller series (23 
patients) treated with 36 Gy over 6 fractions, reporting 2-year DFS and OS rates of 
54% and 100%, respectively, with five locally disease recurrences [91]. The severe 
toxicity was low, as no Grade 4 or 5 events were recorded (26% of patients with GU 
toxicity Grade > 2 and 2 patients with rectal toxicity Grade 2). Between 2018 and 
2019, some authors described the oncologic and toxicity results after salvage SBRT, 
evaluating also the robotic technique [92], but most of them included patients under- 
going primary RP before the first irradiation [93, 94]. All these studies concluded 
that SBRT is a clinically effective, feasible, and safe salvage method for post- 
radiation local relapse, though all agree with the necessity to perform further inves- 
tigations with longer-term evaluation in order to achieve a better patient selection 
and oncologic control. 

The most recent work is the largest retrospective multicenter series of 100 
patients with biopsy-proven post-RT locally recurrent PCa, who underwent stereo- 
tactic irradiation delivered with a robotic accelerator (median SBRT dose of 36 Gy/6 
fractions) [95]. All patients received an initial curative RT (80% EBRT, 17% BT, 
3% EBRT + BT boost). The median interval from the first to the second treatment 
was 7.5 years. Combined ADT was administered in 34% of patients. With a short 
follow-up (median value 29.3 months), the authors reported 2- and 3-year BRFS of 
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73% and 55%, respectively. The toxicity rates after the second irradiation were 
acceptable (acute GU adverse events Grade 2 and 3 rates were 8% and 1%, respec- 
tively; no acute GI toxicity Grade > 1), taking into account the residual toxicity 
following the first course (23 GU, 8 GI). Furthermore, they assessed the potential 
prognostic factors of biochemical control, identifying the initial D’ Amico group, 
time interval, and SBRT dose as significantly ones. 

Finally, Fuller et al. proposed the use of high-dose-rate-like SBRT as less inva- 
sive salvage modality for recurrent disease post-radiation therapy, based on the 
viability of the HDR BT for this kind of patients [96]. In their prospective study 
involving 50 patients retreated with 34 Gy in 5 fractions, 5-year BFRS was 60%, 
similar to that recorded in recent salvage RP series [33]. The median follow-up was 
44 months, with a median interval between the two irradiations of 8.1 years. 
Interestingly, they noted a 5-year ADT free rate of 69%, remarking that this irradia- 
tion strategy delays the need for salvage ADT. Regarding the toxicity, salvage SBRT 
seemed to be associated with low GU and GI adverse events. 


18.10 Conclusions 


The existing encouraging data in the literature suggest a clear role of salvage re- 
irradiation for histologic-proven locally recurrent PCa after primary RT with cura- 
tive intent, in particular salvage BT and SBRT. Both efficacy and tolerability are 
acceptable, making this re-treatment a wise therapeutic option, especially for 
patients unfit or unwilling to undergo salvage surgery. Of course, a careful patient 
selection is mandatory to guarantee both disease and toxicity control. 
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19.1. Introduction 


Despite the curative intent of primary treatments (radical prostatectomy (RP) or 
radiotherapy +/— androgen deprivation therapy (ADT)) for localized prostate cancer 
(PCa), disease recurrence remains a problem. Within 10 years following RP, around 
20-40% of patients will experience rising prostate-specific antigen (PSA) levels 
known as biochemical recurrence (BCR) (confirmed PSA >0.2 ng/ml) [1—3]. Patients 
with BCR without evidence of metastases are commonly observed until visible 
lesions occur or receive ADT in case of a rapidly rising PSA [4]. Many of those 
patients already have micro-metastatic or oligometastatic disease not yet visible at 
routine imaging. With the emergence of new imaging modalities such as whole body 
MRI, choline- and PSMA-PET/CT, the landscape of biochemically recurrent PCa 
has changed [5]. Compared to conventional imaging, these new techniques have an 
increased accuracy to detect recurrence at low PSA values [6-8]. As a consequence 
more patients are now diagnosed with a limited number of metastatic lesions. 

Multiple studies have shown that a higher number of metastatic lesions is associ- 
ated with worse outcomes [9-11]. The oligometastatic state 1s considered to be an 
intermediate stage between limited and widely disseminated (i.e. polymetastatic) 
cancer, in which patients have only a few metastatic lesions (mostly defined as | to 
5 lesions) [12] and the cancer does not appear to progress rapidly to widespread 
systemic disease [13]. 
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Metastasis-directed therapy (MDT) has been proposed as a therapeutic option in 
oligometastatic PCa patients, in order to delay palliative systemic treatment or even 
to attain cure in selected patients. The theory of directing treatment to the oligo- 
metastatic lesions is based on the hypothesis that the excision/irradiation of metas- 
tases could break the vicious circle of cross-talk between metastases or with the 
primary tumour, giving rise to new lesions [14]. Weichselbaum updated his hypoth- 
esis on oligometastatic cancer in which he emphasized the therapeutic advantages 
of targeting visible lesions (using radiotherapy or surgery), combined with systemic 
therapy in a concept of personalized medicine and integration of different approaches 
[15]. Further, it was shown that oligometastatic PCa has a different molecular pro- 
file compared to polymetastatic disease [16]. 

Prospective studies have demonstrated that MDT delays clinical progression and 
the initiation of palliative ADT. The phase-2 STOMP (Surveillance or Metastasis- 
Directed Therapy for Oligometastatic Prostate cancer Recurrence) trial, showed that 
MDT postpones ADT in patients with oligorecurrent PCa compared to surveillance 
(median ADT-free survival 13 months vs 21 months, p = 0.11) [17]. Further, the 
phase 2 ORIOLE trial, and the single-arm POPSTAR trial, showed that stereotactic 
body radiation therapy (SBRT) postpones clinical progression in patients with olig- 
orecurrent (1—3 lesions) PCa. In addition, the SABR-COMET phase-?2 trial improved 
overall survival in patients with oligorecurrence from different primary cancers 
(breast, colorectal, prostate, lung, etc.) when treated with SBRT. In conclusion, 
SBRT is an effective MDT for bone, visceral and nodal metastasis and 1s associated 
with low toxicity [18]. 

The benefit of surgical resection of metastatic lesions has been demonstrated in 
other cancer types such as renal and colorectal cancer [19, 20]. However, the litera- 
ture on metastasectomy for Mla-b-c PCa patients following primary treatment is 
scarce as surgery for metastatic lesions is only feasible for ‘easy’ resections (e.g. 
testis, extrapelvic lymph nodes (LN), peripheral liver metastasis,...) or for “moving 
targets’ such as lung/rib metastasis less eligible for SBRT. 

This chapter provides an overview of the available evidence for the role of metas- 
tasectomy in (oligorecurrent) PCa. 


19.2 Metastasectomy in Patients with Recurrence Confined 
to Non-regional Lymph Nodes 


The European Association of Urology (EAU) PCa guidelines have introduced sal- 
vage lymphadenectomy (sLND) as a therapeutic option for patients with recur- 
rence confined to a limited number of pelvic lymph nodes [4]. Nodal recurrence 
following primary treatment is often caudal to the common iliac bifurcation 
(>50%) [5]. According to the TNM classification of the American Joint Committee 
on Cancer (AJCC, eighth edition), non-regional LN (Mla disease) are defined as 
common iliac, aortic, inguinal, retroperitoneal, supraclavicular, cervical, and sca- 
lene LN. However, most published studies investigating the impact of sLND in 
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patients with LN recurrence do not differentiate between N1 and M1a disease but 
rather between pelvic (obturator, internal, external, common iliac, and presacral 
LN) and suprapelvic (retroperitoneal) positive LN [21]. Often a combination of 
pelvic + retroperitoneal sLND is performed if a retroperitoneal metastatic spot is 
seen on preoperative imaging. Table 19.1 provides an overview of all studies in 
which at least 50% of the patients underwent retroperitoneal sLND [22-24]. The 
procedure, which can be performed open or robot-assisted, seems to be safe with 
very few grade III or more Clavien—Dindo complications [23—25]. The oncological 
benefit of retroperitoneal sLND is, however, doubtful as the presence of extrapel- 
vic LN on preoperative imaging appears to be a risk factor for early clinical recur- 
rence [21, 26]. 


19.3. Metastasectomy for Skeletal (M1b) or Visceral 
(M1c) Disease 


Patients with visceral or skeletal recurrence are often not eligible for salvage 
surgery. The evidence for metastasectomy in this setting is therefore scarce and 
mainly based on retrospective case series and case reports. Recently, however, 
Battaglia et al. published a bi-institutional series of 17 PCa patients with a soli- 
tary visceral/skeletal recurrence treated by metastasectomy (7 lung, 2 skeletal, 2 
rectal, | liver, 1 testis, 1 bladder, 1 penile, 1 mediastinal LN and 1 abdominal wall 
metastasis) [27]. The purpose was to assess the feasibility, tolerability and mid- 
term oncological outcomes. Following salvage metastasectomy, 16 patients expe- 
rienced a clinical relapse, of whom 10 patients received further MDT (5 surgery 
and 5 SBRT). The 4-year overall survival was 66% (median follow-up of 
44 months). At the last follow-up, six patients were radiologically disease-free. 
Further, they also assessed postoperative complications using the Clavien—Dindo 
classification. In total, 19-grade I-II complications were seen (in 21 procedures) 
and only two patients experienced a grade IIJ-IV complication. The next sections 
will briefly describe the existing evidence for metastasectomy for each organ 
separately. 


19.4 Skeletal (M1b Disease) 


Skeletal resections of prostate cancer metastases are frequently performed in the 
setting of spinal cord compression or in case of existing or impending pathological 
fractures in an effort to restore functionality and relieve pain [28]. However, these 
are palliative procedures and are not considered MDT. Evidence for the surgical 
MDT of skeletal metastasis in oligorecurrent PCa is low. Only a few case reports 
have been reported. Sanjurjo et al. successfully resected a single rib metastasis with 
the help of intraoperative scintigraphy to localize the lesion [29]. In the series of 
Battaglia et al., two patients received surgical resection of a rib metastasis [27]. 
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19.5 Lung (M1c Disease) 


Following the lymph nodes and bone, the lung is the third most frequent metastatic 
site in PCa patients. In an autopsy study of 1589 men with metastatic PCa, hema- 
togenous metastases were present in 35% of the patients of which 46% had lung 
metastases [30]. Patients with lung metastases have a worse prognosis compared to 
patients with lymph node recurrence [31]. However, multiple case reports and case 
series demonstrated the feasibility of surgical resection of pulmonary lesions with 
promising oncological outcomes in oligometastatic hormone-sensitive PCa [32-— 
35]. In the series of Battaglia et al., seven patients with lung metastasis were treated 
by lobectomy with only 4 grade I-IJ Clavien—Dindo complications (Fig. 19.1). 
Recently, Ciriaco et al. published a retrospective series of nine post-prostatectomy 


Fig. 19.1 Lung metastasis 
in left upper lung lobe on 
choline PET/CT for which 
a lobectomy was 
performed 


1yB1y 
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patients with lung metastases treated by surgical resection [36]. In total, 20 lesions 
were resected (wedge resections). No postoperative complications occurred. Seven 
out of nine patients had a biochemical response (defined as a PSA <0.2 ng/ml at 
40 days postoperatively) and only one patient developed clinical recurrence and 
started ADT during a median follow-up of 23 months. In conclusion, preliminary 
evidence suggest a possible role for lung metastasectomy in well-selected patients 
to postpone palliative ADT or even to attain cure. 


19.6 Liver (M1c Disease) 


The liver is the third most common site of hematogenous spread after bone and lung 
in PCa patients [30]. It is often a sign of aggressive disease with poor prognosis and 
develops frequently in CRPC patients. Often these tumours have neuroendocrine 
differentiation explaining the resistance to ADT [37]. Solitary liver metastases are 
extremely rare as demonstrated by a study in which only 5 out of 1367 metastatic 
PCa patients had an isolated liver metastasis [38]. Therefore, the evidence of the 
role of MDT (partial hepatectomy) in patients with liver metastasis 1s scarce and 
only a few case reports exist [39, 40]. One patient in the series of Battaglia et al. was 
treated by laparoscopic partial hepatectomy because of a solitary liver metastasis 
(detected on PSMA PET/CT and confirmed on MRI). Despite a drop in PSA, he 
developed LN recurrence 6 months later for which he was treated with sLND. 


19.7. Testis and Penis (M1c Disease) 


PCa is the most common solid primary tumour giving rise to testicular metastasis 
followed by lung, skin and renal malignancies [41]. The routes of metastatic spread 
to the testis are not well known. Possible theories include: spread through the lumen 
of the vas deferens, by retrograde lymphatic extension, by arterial embolization or 
by retrograde venous extension [42, 43]. Multiple case reports and case series of 
PCa patients with testicular metastasis have been published in the past century. 
Already in 1937, Semans described a case of an 83-year-old man with a metastasis 
in the right testis (and epididymis). Since then, several other cases of testicular 
metastasis in advanced PCa patients with multiple metastases have been published. 
Often these testicular metastases were an incidental finding during autopsy or at 
orchidectomy as a treatment for metastatic PCa [44]. Nonetheless, in the case of a 
rising PSA together with a progressive swelling of the testis, clinicians should 
always consider testicular metastasis [45-48]. With the introduction of novel imag- 
ing techniques such as the PSMA PET/CT, these testicular metastases are detected 
earlier [49]. In the case of a solitary metastasis to the testis, orchidectomy is often a 
curative procedure [46—48]. One patient in the series of Battaglia et al. developed a 
right-sided testicular metastasis following radical prostatectomy + salvage radio- 
therapy (detected on Choline PET/CT—Fig. 19.2). A radical right-sided orchidec- 
tomy was performed and 4 weeks later his PSA dropped from 27 ng/ml to 0.63 ng/ 
ml. Unfortunately, he developed local recurrence in the prostatic fossa and a lung 
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Posterior 





Fig. 19.2 Right-sided testicular metastasis on choline PET/CT 


metastasis | year later for which he was treated with repeated MDT (SBRT on local 
recurrence + wedge resection lung). 

Penile metastasis is uncommon in PCa patients (<0.3%) and is often a sign of 
widespread disease [41]. Patients with penile metastasis predominantly develop vis- 
ceral metastases rather than skeletal disease [50]. The histological pattern is often 
ductal, cribiform and poorly differentiated [50]. The most common routes of dis- 
semination are probably by direct invasive growth and by a retrograde venous/lym- 
phatic pathway. Patients present with progressive penile nodules, pain and sometimes 
malignant priapism (Fig. 19.3). In case of no response to systemic therapy, a pallia- 
tive (partial) amputation is often recommended [51, 52]. However, in the case of a 
solitary testis and penis metastasis to the penis (such as in the series of Battaglia 
et al.), (partial) penectomy might be performed as MDT. 


19.8 Ongoing Trials 


No clinical trials are currently investigating the role of surgical metastasectomy in 
oligorecurrent testis and penis PCa patients. Most studies are investigating the role 
of pelvic sLND in oligorecurrent PCa (NCT02974075, NCT03796767, 
NCT03569241). 


19.9 Conclusion 


Metastasectomy for oligorecurrent PCa patients with non-regional LN appears to be 
feasible and safe but the oncological benefit of this procedure remains doubtful. 
Metastasectomy for carefully selected fit patients with solitary visceral/skeletal 
metastasis might be a good alternative for systemic therapy, provided complete 
resection is deemed possible. Postponing the initiation of ADT definitely has a 
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Fig. 19.3 Patient with 
malignant priapism on 
PSMA PET/CT 





positive impact on quality of life. Concomitant metastasis in other locations should 
be ruled out by the best staging methods available (e.g. PSMA PET/CT/whole-body 
MRI). However, evidence is scarce and based on small series and case reports. 
Prospective trials are needed but inclusion might be a problem given the low inci- 
dence. In absence of trials, full documentation and prospective multicenter registra- 
tion may help in defining the role of surgical MDT in oligometastatic M1la-b-c 
recurrence of following local treatment. 
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20.1 Introduction 


Men do not usually experience incontinence of urine. Thus, it is not something that 
is contemplated by any man that would be expected to follow the treatment of pros- 
tate cancer. The only time men may experience incontinence of urine in normal life 
without disease is the condition known as post-micturition dribbling, which is 
worthwhile mentioning at the outset. This is a common symptom, which occurs 
after voiding, when a few drops of urine may be expelled due to urine that pools in 
the bulbar urethra after voiding and drips out when the man leaves the toilet. 

As we age, post-micturition dribbling is probably more common and may be 
related to the fact that the bulbo-spongiosus muscles are less strong due to age- 
related muscle atrophy and therefore do not expel the urine at the end of void. It is 
a simple symptom to resolve by milking the urethra. Apart from this symptom 
incontinence 1s uncommon in men. 

The adverts on a TV when promoting continence products only do so for women 
and therefore men do not have this in their view. 

For a man to develop incontinence of urine after any form of treatment is there- 
fore very distressing and can be considered to be “a disaster’. Thus, it is very impor- 
tant for us as health care professionals to ensure that if we are going to undertake 
any procedure that could affect male continence that we should explain fully the 
potential consequences of the treatment and, also if the problem is to develop, how 
we will be able to resolve it. 
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Let us start by understanding the anatomy of the lower urinary tract in the male 
and why we are continent. We can then consider the issues that give rise to inconti- 
nence after prostate cancer treatment. 


20.2 Anatomy and Physiology 


Male continence is created by a complex association between the function of the 
bladder and the bladder outlet. The bladder is a storage organ, which will hold urine 
up to 500 mls without a significant rise in pressure (the bladder is thus “stable’’). 
The patient should be able to store urine without any symptoms. As we age the blad- 
der can become more irritable due to the onset of bladder overactivity which will 
affect up to 27% of men (10.8—27.2%) [1]. 

Continence also depends upon an intact bladder neck mechanism (internal 
sphincter), which is a circumferential ring muscle lying at the outlet of the bladder 
and is responsible for allowing the ejaculate to be expelled during sexual activity. 
The external sphincter mechanism is around the urethra and extends up to the level 
of the verumontanum in the prostatic urethra. After “open” surgery for prostate 
cancer the bladder neck and part of the sphincter may be lost so the continence 
mechanism depends upon the external sphincter. If it is not strong enough then the 
patient will leak urine. 


20.3 The Effects of Treatment for Prostate Cancer 
on Outcome in Terms of Urinary Incontinence 


There is a clear difference between the incidence of urinary incontinence between 
different treatment modalities. It would be expected to find a great risk of inconti- 
nence after radical prostatectomy as the bladder neck has been damaged and part of 
the external sphincter mechanism also potentially injured or removed. Chen et al. 
[2] showed that after radical prostatectomy 33.6% of men had incontinence. 
Whereas obstructive and irritative symptoms were more common after radiotherapy 
(20.5%). Brachytherapy was associated with a lower incidence of incontinence 
(4.9%). Hoffman et al. [3] showed that where radiotherapy has been used it increases 
the risk of the overactive bladder to 70% and thus the need for medical treatment. 
This also applied to patients who underwent the implantation of an artificial urinary 
sphincter. Freiberger et al. [4] report that high dose brachytherapy and radiotherapy 
increased the risk of incontinence. 

The conditions that can cause incontinence of urine after prostate cancer treat- 
ment are: 


1. Bladder overactivity. 
2. Bladder outflow obstruction with retention with overflow. 
3. Stress (sphincter weakness) incontinence. 


20. Incontinence of Urine after the Treatment of Prostate Cancer 225 


20.4 + #Bladder Overactivity 


Bladder overactivity is the condition in which the bladder will contract in an uniniti- 
ated fashion causing incontinence but is usually associated with urgency. The bladder 
can become poorly complaint after radiotherapy or surgery, meaning that when the 
bladder fills, the pressure will significantly rise and (then the pressure in the bladder 
can then) potentially exceed the pressure within the extremal sphincter causing incon- 
tinence. Bladder overactivity can occur in 15.2—37.8% of men who are treated for 
prostate cancer [5] and can rise to 70% where there has been radiotherapy [3]. 


20.5 Bladder Neck Obstruction with Chronic Retention 
and Overflow 


In some patients having had either surgery or radiotherapy, the bladder neck can 
become scarred such that the patient is obstructed, the bladder will then retain urine 
and can go into chronic retention. This will give rise to voiding dysfunction and if 
there is retention it may cause overflow incontinence. Bladder neck obstruction can 
of course co-exist with sphincter weakness incontinence. It is important that the 
bladder neck obstruction is corrected before incontinence surgery [6]. 


20.6 Stress Urinary Incontinence 


Stress urinary incontinence is caused by sphincter weakness. This usually follows a 
radical prostatectomy where the bladder neck and part of the sphincter has been 
removed as a consequence of surgery. Cameron et al. [3] have shown by MRI scan- 
ning that post-operatively men with incontinence have a shorter urethra and more 
distortion in the area of the sphincter. 

When a patient is diagnosed with prostate cancer and treatment 1s contemplated, 
it is usual to provide the patient with information about the benefits of treatment 
along with the potential disadvantages. Many patients do not of course view the 
potential complications as relevant to them as they are more involved with “getting 
a cure” of the potentially life-threatening disease. However, it is important to pro- 
vide the patient with as much information as possible before treatment. Patient edu- 
cation prior to surgery 1s essential [7]. 


20.7. The lncidence of Urinary Incontinence 


The incidence of urinary symptoms after treatment for prostate cancer does depend 
upon the treatment used. Radical surgery will produce different symptoms from 
patients treated with radiotherapy or brachytherapy. Salvage treatment such as sur- 
gery plus radiotherapy increase the risk of complications. 
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There is no doubt that quality of life 1s affected by incontinence of urine [8]. 
After radical prostatectomy, incontinence was 23% [9]. After DXT, it was 12% and 
52% if the modalities were combined. Stress incontinence was higher in surgically 
treated patients and urge incontinence the same in both groups. Salvage prostatec- 
tomy was associated with severe incontinence in 24.5% of patients [10]. 

After the primary or salvage treatment, if the patient develops symptoms, there 
must be a strategy of management. 

The patient should be reassured that treatment is available. Many patients still do 
not seek treatment and go on suffering. When a patient presents after surgery with 
urinary incontinence after a year of conservative treatment and if this does not 
resolve the problem then surgery should be contemplated. It takes much longer than 
a year to the time of treatment. Dosanjh [11] states that the time to surgery is on 
average 2.8 years. 

There are a number of symptoms that can present. The symptoms can be divided 
into storage and emptying symptoms. Storage symptoms are urinary frequency, 
nocturia, urge and urge incontinence. Stress incontinence is a storage symptom. 

The voiding symptoms are hesitancy, poor stream and terminal dribbling with a 
feeling of incomplete emptying. Storage and emptying symptoms can co-exist. 

Stress incontinence due to sphincter weakness can be associated with variable 
amounts of leakage. There may be small volume leakage, drops only, to total incon- 
tinence. The classical symptoms are incontinence with activity such as exercise, 
bending over, getting out of a chair, etc. Interestingly men with stress incontinence 
do not leak at night. The leakage tends to get worse towards the end of the afternoon 
presumably as the external sphincter tires. Pad usage will be determined by the tim- 
ing and volume of the leakage. 


20.8 Investigation of the Patient 
20.8.1 History 


It is important to understand the patient’s symptoms to categorize the nature of the 
incontinence. If a man complains of incontinence, it is important to try to find out 
when it occurs, what activities are causing the incontinence and the volume of urine 
loss and its impact on the patient’s QOL. 

The primary symptoms of bladder dysfunction are the storage symptoms, which 
are frequency of micturition, nocturia (waking up at night), urgency and urge and 
incontinence. 

If the patient has a combination of these symptoms they are known as an overac- 
tive bladder, which is a symptom complex, but this term alone does not indicate the 
nature of the condition. The problem can be sensory or motor. It is important to 
distinguish the symptoms since if the patient has bladder overactivity and then this 
can be treated with bladder re-training and medication. 

Voiding symptoms are hesitancy, urinary stream, terminal post-micturition 
dribbling and a feeling of incomplete emptying. If a patient has voiding 
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dysfunction it is important to make sure that the patient is not obstructed because 
any patient with incontinence if obstructed may have their symptoms improved if 
the obstruction is relieved. 


20.8.2 Causes of Incontinence in a Male after Prostate 
Cancer Treatment 


Prostate cancer is treated in a number of different ways as it has been outlined in the 
previous chapters. The ones that principally give rise to incontinence of urine are 
surgery to remove the prostate, radical prostatectomy or radiotherapy or brachy- 
therapy or a combination of surgery and radiotherapy. An increasing number of 
males are receiving radiotherapy in addition to surgery when the PSA rises due to 
residual disease in the prostate bed. Radiotherapy will only increase the risk of 
incontinence if a patient has a weak sphincter since it can cause scarring and rigidity 
in the external sphincter mechanism. 

There remains still the need for prospective trials of surgical treatment to under- 
stand the most effective method of treating the degrees of incontinence [12]. We 
also remain a long way from having long-term data on treatment methods for some 
of the available options. 

Bladder neck obstruction will occur due to scar fibrosis in the region of the blad- 
der neck either related to surgery or radiotherapy or both. 


20.8.3 Investigations 


As part of the investigations of any patient with urinary incontinence, it is important 
to first take a history as described and then the patient should be asked to fill in a 
frequency volume voided chart. 

If he is wearing pads, it would be worthwhile asking him to weigh the pads over 
a 24-h period. If a dry pad is weighed and then all the wet pads are collected and put 
in a bag and then weighed, a deduction of the amount of urine can be provided. This 
does help to understand the degree and extent of the incontinence. A 1-h pad test is 
not as accurate in diagnosing the degree of incontinence nor the timing of the 
leak [13]. 

The question is whether it is worthwhile performing any invasive investigations 
such as video urodynamic studies. There is some controversy over whether or not 
the test is beneficial in patients with incontinence of urine. The authors firmly 
believe that it 1s important to categorize the nature of the incontinence and video 
urodynamics can be very helpful. This is supported in the literature by Mackenzie 
et al. [14]. The variety of diagnoses are not always consistent with the final diagno- 
sis of the cause of the incontinence. This test is not available in every unit but should 
be where surgical treatment is offered. 

The urodynamic test should be preceded by a flow rate and scan to make sure the 
bladder is emptying. If the flow is poor, it would be worthwhile performing a 
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cystoscopy to assess the bladder neck and urethra. If there is a stricture present or 
stenosis of the bladder neck, these should be treated surgically to allow the patient 
to void normally but this could make the incontinence worse and the patient would 
need to be counselled about this. 

The video urodynamic test not only demonstrates whether the bladder is stable 
or whether there 1s poor compliance or overactivity but has the added benefit of real- 
time video recording. This demonstrates the appearance of the bladder, the outlet 
and whether there is demonstrable stress incontinence. The filling phase character- 
istics are helpful in determining the outcomes [15]. There may be a combination of 
both stress and urge incontinence and then the question is what to treat first. This 
will be discussed later. 

Retrograde leak point pressure measurements after RALP may be more benefi- 
cial than leak point pressure or pad testing to determine the degree of inconti- 
nence [15]. 


20.8.4 Treatment 


The treatment of urinary incontinence related to prostatic cancer treatment falls into 
a number of different modalities. 

The first and most simple method of improving incontinence is to look at the 
frequency volume voided chart and assess the patient’s habits. Changing the 
patient’s habits may make a significant difference to the symptoms. 

Once the patient has been shown not to have an obstructed outlet, they should be 
referred for physiotherapy for a pelvic floor assessment and rehabilitation. 


20.9 Pelvic Floor Therapy and Management 
20.9.1 Prologue 


Specialist Pelvic Health Physiotherapy is a conservative intervention for the treat- 
ment of urinary leakage and other potential side effects following the surgical and 
medical treatment for prostate cancer is now accepted as part of first-line treatment 
[8, 16, 17]. As improvements continue in the early detection of prostate cancers 
which are amenable to surgical removal but can result in complications such as 
post-prostatectomy urinary incontinence, the need for evidence-based treatments 
that prevent or reduce the period of time it takes to regain continence is essential. 
As has been previously mentioned, continence issues for men are not a health 
consideration that receives the same attention both medically and, in the media, 
compared to the female population. This is mainly due to the recognition of the 
potential effect of childbirth and later the menopause on the female urogenital and 
pelvic floor muscle complex. This can result in a pelvic floor dysfunction such as 
urinary incontinence or a pelvic organ prolapse and associated dysfunctions, all of 
which can have a devastating effect on a woman’s quality of life and self-esteem. 
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For men, urinary leakage, where there has been no traumatic injury, is mainly 
related to ageing and prostatic obstruction (Rajkowska-Labon). The diagnosis of 
prostate cancer can be overwhelming and the priority for the patient is how to get 
rid of the cancer. The initial consultations with their oncologist and urologist will 
focus on what is the best treatment intervention for their cancer, be it hormonal, 
surgical or radiotherapy or a combination of some or all the above [18—23]. 

As with all cancer treatments, the potential side effects of the interventions will 
be discussed with the patient. However, as many patients have reported, after their 
initial relief at being cancer-free or in remission, the reality of living with one of the 
side effects of their treatment, be it bladder or bowel incontinence or erectile dys- 
function can be devastating and severely impact on every aspect of their health, 
well-being and quality of life [8]. 

The prevalence of post-prostatectomy urinary incontinence varies from | to 87% 
according to the definition, timing of evaluation, surgical technique and pre- 
operative condition. However, under-reporting by men due to embarrassment and 
the potential negative perception on their masculinity may mean these figures do not 
truly reflect the incidence. Prof. Roger Kirby, a renowned expert in the field of pros- 
tate cancer recently explained this male characteristic of stoicism with regard to 
symptom reporting and the resulting delay in seeking a diagnosis, and later, of 
accessing help for post-prostatectomy complications as “toxic masculinity” (per- 
sonal communication). 

It is hoped by raising the general public’s awareness of the importance of early 
detection of prostate cancer through PSA testing and prostate examination, which 
have been shown to lead to higher survival rates, and with the availability of conser- 
vative and surgical treatments for post-cancer complications, that the idea of toxic 
masculinity or not seeking medical opinion, will become a thing of the past. 

This increased awareness of survivorship issues has led to a growing clinical 
interest in improving how to treat and manage post-operative conditions. 


20.9.2 The Role of the Specialist Pelvic Health Physiotherapy 
in the Management of Urinary Leakage Following 
Prostate Cancer Treatment 


There is a consensus that further research is still required to assess the therapeutic 
interventions of pelvic health physiotherapy compared to non-supervised, self- 
taught pelvic floor exercises in this field. Does the therapeutic relationship between 
the patient and physiotherapist result in greater motivation and exercise and lifestyle 
modification compliance? Will it lead to a more rapid improvement in post-operative 
urinary incontinence when compared with no physiotherapy intervention? 

Currently, work is being undertaken through the Pantera Clinical trial to evaluate 
physiotherapy and the effect of exercise on reducing PSA levels in men on “active 
surveillance” due to the testosterone suppressive effect on PSA levels [24]. 

Since 2015 with the support of Prostate Cancer UK, there has been a 
physiotherapy-led initiative to establish health and well-being clinics for men in 
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East London. This provides education and exercise rehabilitation for prostate cancer 
patients as well as a one-to-one outpatient physiotherapy service. These individual 
appointments address lower urinary tract symptoms, urinary frequency, urgency, 
incontinence and other issues that commonly affect this patient group. The out- 
comes of both projects are particularly good. When considering post-prostatectomy 
urinary incontinence, which at the first session was rated as severe, it has been noted 
that by six months, with intensive pelvic health physiotherapy that the degree of 
incontinence, on re-evaluation was categorized as mild. These findings support the 
earlier studies undertaken by K. Moore et al. [25] and G. Dorey et al. [20]. 


20.9.3 Pelvic Health Physiotherapy 


It is important to note that many of the interventions to improve bladder control 
have been shown to benefit other pelvic health issues following prostate medical or 
surgical treatment such as bowel or erectile dysfunction. A physiotherapy consulta- 
tion for post-prostatectomy urinary incontinence would be holistic. Therefore, the 
consultation would include an opportunity for the patient to discuss other problems 
pre-existing or arising from the operation. An assessment of the function of all the 
pelvic organs can be undertaken. 


20.9.4 Pre-Operative Pelvic Health Physiotherapy 


As Sathianathen et al. in 2017 [26] and other previous studies [27, 28] have noted, 
pelvic health physiotherapy in the treatment of urinary incontinence following prostate 
cancer treatment is most successful if implemented early. There is also evidence that 
pre-operative pelvic health physiotherapy will support a more rapid return to continence. 

The aims of a pre-operative appointment are to support and provide the men with 
education about the male anatomy and physiology. There will be instructions into 
why and how to perform a correct and specific pelvic floor contraction. The promo- 
tion of positive lifestyle habits which should begin before surgery and should con- 
tinue immediately after the catheter is removed. The aim is to achieve good bladder 
and bowel control. 

In the pre-operative setting, there is also an opportunity to discuss with the 
patient, and if appropriate, a partner or family member, the potential post-operative 
complications. Emphasis is made on empowering the patient to make lifestyle and 
to undertake pelvic floor exercises to minimize or manage any surgical complica- 
tions. Reassurance and information can be given about the surgical risks and that if 
there should be any continence or erectile issues there are treatments to improve or 
cure these conditions [29]. 

Pre-operative physiotherapy can be delivered both on an individual basis or in a 
group setting. Apart from the obvious cost-effectiveness of a group situation, there 
is anecdotal evidence that the shared experience of patients can be very supportive 
and helpful. However, this is not always the case and there can be the preference for 
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a one-to-one appointment where the risk of embarrassment can be minimized. In 
this context, there is the potential for a more open conversation about a patient’s 
fears of the operative procedure and the likelihood of a post-operation complication. 
The literature and author’s opinion supports the value of a pre-operative appoint- 
ment. Some commonly expressed themes are, “I didn’t know I[ had a pelvic floor or 
what it did’, “I thought pelvic floor exercises were just for women’, “now I under- 
stand why and how to do a pelvic floor contraction; I feel more motivated to do them 
especially if they might help me control any post-operation issues”. Another impor- 
tant benefit for the patient is knowing there is a team of both surgeons and therapists 
who specialize in continence treatment and management and if this became a post- 
Operative complication there is help there. 

Following the appointment, patients are encouraged to start the pelvic floor exer- 
cises and any specific lifestyle modifications prior to surgery. In this pre-operative 
period, although the patient will be understandably anxious, they are normally pain- 
free. This is the ideal opportunity for the patient to attend a pelvic health physio- 
therapy appointment and to educate them about the role of the pelvic floor muscles 
for continence and how to contract them correctly. Also, to exercise the muscles 
specifically for their functional role. The use of a pelvic model and computerized 
3D images of the pelvic anatomy and muscles has been shown to enhance this 
understanding. 


20.9.5 Pelvic Floor Function and Muscle Fibre Specificity 


The pelvic floor is a striated skeletal muscle and spans the inferior opening of the 
pelvis and is made up of both slow-twitch and fast-twitch muscles fibres in a ratio of 
approximately two-thirds slow-twitch to one-third fast-twitch muscle fibres. Slow- 
twitch fibres provide continual tone to support the pelvic floor and therefore their 
function is improved by endurance training. The fast-twitch fibres are recruited rap- 
idly when further support is required, for example, when the intra-abdominal pres- 
sure rises suddenly with a cough or sneeze or during any activity involving effort. 
Thus, repeated performance of a brisk pelvic floor contraction will strengthen and 
train this function. It has also been hypothesized that in a healthy patient there is a 
reflex contraction of the muscle complex to preserve continence when put under 
extra loading. Surgery aims to preserve the neuromuscular innervation; however, this 
cannot always be achieved, resulting in damage to the nerves and reflexes. However, 
if some innervation is still intact, 1t is believed by teaching a patient to consciously 
“pre-contract” their pelvic floor muscles before any exertion, this reflex may be re- 
trained and help in restoring continence with functional movements and activity. 


20.9.6 Pelvic Floor Exercises 


Patients are taught how to contract their pelvic floor muscles and to progress the 
strength training regime to maintain or restore continence. The teaching can be 
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delivered verbally and supported by a written patient information leaflet. However, 
studies have concluded that when appropriate, a physical examination to either 
observe the patient’s exercise performance or to palpate and feel the muscle action 
by an external or internal examination is by far the most effective method to ensure 
the correct exercise performance of a “hidden muscle’. Verbal feedback to the 
patient during the physical examination to facilitate the correct muscle action will 
reinforce the learning process. 

In the author’s experience and opinion, and with the patient’s understanding and 
consent, a physical examination in the pre-operative period to facilitate the patient’s 
ability to perform a pelvic floor contraction and to fully release these muscles after 
the active work phase is appropriate and worthwhile. Although the physical exami- 
nation will be carried out following the systematic process used in the post-operative 
period, the emphasis at this appointment is to “teach” the correct muscle action, 
rather than use this examination to help in the diagnostic process of a pelvic floor 
dysfunction. Any urinary incontinence or pelvic floor dysfunction observed would 
be documented and time allowing, strategies implemented to help treat this 
condition. 

In some clinics, where there are resources, the use of real-time ultrasound or 
EMG biofeedback as methods to enhance the learning experience through computer 
visualization of the correct direction and muscle contraction has been shown to be 
beneficial to patients and for subsequent strength training programmes [30]. 
However, many studies have concluded that any adjunct therapy to teach or facili- 
tate strengthening the pelvic floor muscle complex are no more effective than a digi- 
tal examination and pelvic floor exercises alone, that are performed correctly and 
daily. However, the benefit to the patient of “seeing” a pelvic floor contraction as 
part of the learning experience cannot be underestimated. It is proposed by the 
author that these adjunct therapies are “tools” that can be both motivational and 
facilitate the engagement of a patient in the exercise process. Patients become com- 
petitive against their previous session’s results and this can achieve more rapid exer- 
cise compliance and functional improvement. 

The use of electrical stimulation to both teach and facilitate pelvic floor muscle 
strength training has also been studied. There are mixed opinions about both its 
effectiveness as a treatment intervention compared to strength training programmes 
alone and to the appropriateness of the application of this therapeutic modality in 
the presence of cancer. 

The objective of electrical stimulation for teaching and strengthening the mus- 
cles is by applying a low-frequency electrical current to the pelvic floor muscles 
through an external or internal electrode. The resultant muscle contraction will be 
felt by the patient and guide them into how to perform a correct pelvic floor con- 
traction. In theory, the same process could be used following a prostatectomy for 
cancer, where urinary leakage or detrusor instability is evident post-surgically. 
However, the Chartered Society of Physiotherapy in the guidelines for the physio- 
therapy management of female SUI states that electrical stimulation in the pres- 
ence of abnormal or malignant cells in the pelvis and abdomen is contraindicated. 
Although there is insufficient evidence to suggest that electrical stimulation poses 
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any risk, most therapists would be reluctant to use this intervention in men follow- 
ing radical prostatectomy or would seek guidance from their peers or referring 
consultant [31]. 


20.9.7. Howto Assess the Pelvic Floor Muscle Complex 
and Teach a Specific Pelvic Floor Contraction 


The patient is positioned lying on his back with feet hip-width apart and legs open. 
An initial observation is made of the perineum, genitalia and anus. Evidence of skin 
irritation from existing bladder or bowel incontinence is documented as are any 
previous surgical scars or faecal markings around the anus. The patient is then asked 
to demonstrate a pelvic floor contraction with no previous instruction in how to 
perform this. The therapist observes for a testicle/scrotal lift and inward movement 
of the base of the penis towards the abdomen. There should be tightening around the 
anal sphincter which indicates the patient’s ability to voluntarily contract, hold and 
then fully relax the muscles. At a pre-operative appointment, there may also be an 
evaluation of the effectiveness of the pelvic floor muscles to involuntarily contract 
when the patient coughs and to observe if this provocative test causes urine leakage. 
If urine loss occurs, following instruction, the patient then may be asked to repeat a 
cough but this time to simultaneously contract the muscles to observe if this is effec- 
tive in preventing further leakage. This stress test would always be included in the 
physical examination of a patient with post-operative urine leakage. The result 
would provide information used to formulate a diagnosis of the cause of the incon- 
tinence as well as the treatment plan. 

The patient is then given verbal feedback about his technique. Instructions in 
how to perform a specific contraction without overuse of his buttock and abdominal 
muscles and with the correct breathing pattern. The importance of performing both 
long and brisk contractions is explained. Verbal cues to facilitate a contraction may 
be used. For example, “squeeze and lift from the front and imagine you are trying to 
stop yourself from passing urine and at the same time lift and tighten at the back as 
if you are trying to stop passing wind’. Humour can help a patient find the correct 
muscles. The importance is to use the right language appropriate to the patient in a 
professional but friendly manner. 

Following the assessment of the voluntary performance of a patient’s ability to 
perform a contraction a neuro-muscular examination would be undertaken. This 
would assess the S2-S4 spinal segments, including the anal tone, perineal sensation 
in the S2-S4 segments and the bulbocavernosus reflex. This is especially important 
post-operatively as it will guide the choice of treatment interventions and specific 
muscle and reflex re-training as well as influence the prognostic indicators for the 
success of physiotherapy outcomes. 

Biofeedback and evaluation of the integrity, strength and function of the pelvic 
floor muscles can be done through either an external palpation of the perineum 
behind the testicles or by a digital anorectal examination of the anal sphincter and 
puborectalis muscle. 
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In many research studies and in the author’s opinion, a digital rectal examination, 
if it can be tolerated, is the most effective and informative means of evaluating and 
grading the pelvic floor muscle strength and function and providing information to 
formulate an individualized patient treatment and exercise regime. 

The aims of the examination are: 


1. To assess the voluntary and involuntary control of the pelvic floor and co- 
ordination of the pelvic floor muscles and synergistic activity. 

2. To quantify the strength of the contraction using the Oxford scale which has been 
modified to include 0-6 grades: 

O—Absent contraction. 

1—Flicker, very weak contraction. 

2—Weak increase in tension, no lift or squeeze. 

3—Moderate, some lift and squeeze. 

4—Good lift and elevation against resistance. 

5—Strong contraction against strong resistance. 

6—Very strong contraction against strong resistance with endurance. 

or to categorize the contraction as being absent, weak, normal or strong. 

3. To assess for any indication of hypertonicity within the pelvic floor muscle com- 
plex. This can be documented as an inability to fully relax the muscles graded as 
absent, partial or complete or as the ICS Pelvic Floor Clinical Assessment group 
recommended, normal, overactive, underactive, non-functioning. 

4. As has been previously noted, at the pre-operative appointment, the aim of the 
examination is to evaluate the pelvic floor integrity, strength and function and to 
teach and encourage the practice of the pelvic floor exercises so they are embed- 
ded into the daily routine of the patient prior to surgery. In the post-operative 
phase, when a patient presents with undiagnosed urinary incontinence, the phys- 
ical examination is undertaken to develop a working hypothesis for the cause of 
the urinary leakage and to formulate an appropriate treatment and exercise plan 
specific to the patient. As has been described earlier, and noted in the literature, 
urinary incontinence following prostatectomy is usually due to: 

e Dysfunction of the urethral sphincter as a result of an injury to the rhabdo- 
sphincter during dissection, or suture placement for vesicourethral anastomo- 
sis or denervation due to neurovascular bundle injury. As Kim et al. [8] state, 
most patients with intrinsic sphincter deficiency present with symptoms of 
stress urinary leakage. 

e Bladder dysfunction, such as detrusor overactivity, impaired compliance or 
detrusor contractility due to bladder denervation during surgery. Patients can 
present with symptoms of frequency, urgency and urge incontinence alone or 
as mentioned earlier a mixture of both symptoms of an overactive bladder 
(OAB) and stress incontinence (SUI). 

e Bladder outlet obstruction (BOO) caused by stenosis of the vesicourethral 
anastomosis. This can cause urinary leakage, urge incontinence as well as 
urinary retention. 
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20.9.8 How Often Should the Pelvic Floor Exercises Be Done 
and in What Position 


It is normal to suggest that the patient initially learns and practices the technique in 
lying and as they improve, to perform the exercises in different positions such as 
sitting, standing and during functional movements. Each patient will have an indi- 
vidualized exercise regime based on the findings from the physical examination. At 
present, there is no consensus on the exact amount or frequency that the pelvic floor 
exercises should be performed to improve and maintain continence or if these 
should be performed as maximal or sub-maximal contractions. Different exercise 
regimes are being trialed, and there is a growing awareness of the importance of 
how all the muscles surrounding the pelvis, including those in the lumbosacral 
region, the abdomen and the muscles of the respiration interplay and how dysfunc- 
tion in one group may affect the function of all the muscles in the “lumbopelvic 
cylinder” including the pelvic floor complex. This potential muscle imbalance or 
instability, or incorrect recruitment of other muscles whilst performing a pelvic 
floor contraction could hamper continence recovery if left untreated [15]. However, 
the benefits of a strong but responsive pelvic floor muscle complex working in syn- 
ergy with the lumbopelvic musculature for the maintenance and restoration of con- 
tinence is not in dispute. This has been well documented in the work done in the 
field of the treatment and management of female urinary stress incontinence and 
research into the role of physiotherapy in the management of urinary incontinence 
following prostatic surgery [25, 32, 33]. 

Glazener et al. [32] in the MAPS trials looked at the benefit of one-to-one pelvic 
floor training and the development of a specific training protocol as a conservative 
intervention for urinary incontinence following prostate surgery for benign and malig- 
nant prostate conditions. Although the results were disappointing, this and more 
recent research projects have stimulated the study into the exercise science behind 
muscle strength training and the importance of applying this knowledge to the pelvic 
floor muscle complex. Considerable work and development in our understanding of 
pelvic floor rehabilitation as part of the lumbopelvic cylinder is taking place. In the 
author’s opinion, these new approaches to pelvic floor therapy for continence will 
improve our choice of treatment interventions for our patients and the outcomes. 


20.10 An Introduction to the Principles of Pelvic 
Floor Exercises 


As has been noted earlier, patients are encouraged to exercise the muscles specific 
to their function with the aim of increasing muscle bulk and performance. Therefore, 
patients’ complete sets of both maximum and sub-maximal long-hold and short- 
hold pelvic floor contractions where both types of muscle fibres are recruited. As 
their symptoms improve, they are challenged to work against increasing loads by a 
change in posture and with functional movement. 
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20.10.1 Long Holds 


The aim is to tighten the pelvic floor muscles on an out-breath, and to continue to 
breathe whilst the contraction is held for up to a count of 10-12 sec. 

At the initial assessment, a patient may struggle to achieve more than a few sec- 
onds before fatigue but are reassured that this 1s normal. The time before fatigue 
occurs is noted and after a short rest of approximately 5 sec, the patient is asked to 
repeat the contraction, up to 10 times or until they are unable to perform a contrac- 
tion of the same quality and length of hold time. This hold time and the number of 
repetitions is their starting point and will be used when setting their home exercise 
regime, for example, a hold length of 6 sec, repeated four times. At home, the patient 
would be encouraged to perform four contractions of 6 sec with a rest period of the 
same time or double the time, in each set completed. The importance of the rest 
period is explained to the patient to ensure he avoids both overstressing the muscle 
and causing significant fatigue that could cause further deterioration in the muscle’s 
ability to meet its functional role. It is also important to assess a patient’s ability to 
fully release their pelvic floor muscles after the work period to avoid potential pain 
disorders within the muscle complex. As the patient’s ability and strength improve, 
they will be challenged to increase the work phase holding time and reduce the rest 
phase, so fulfilling the exercise principles of specificity and overload. 


20.10.2 Short Holds 


During the patient’s physical examination, they will also be assessed for their ability 
to perform brisk, coordinated, short contractions as is required when there is a sud- 
den rise in intra-abdominal pressure. In each exercise set, the patient will perform 
up to 10-12 maximal contractions of 1 sec with a 2-sec rest between each. 


20.10.3 The Knack 


The concept of “pre-contracting,’” known as the “knack” has been mentioned earlier 
and will be incorporated into the patients exercise regime both pre-operatively and 
in their post-operative rehabilitation regime. A patient learns to do a contraction 
prior to an activity that may or is known to cause urinary leakage. It is hoped that by 
consciously performing a pelvic floor contraction with movement this will reduce 
or prevent urinary leakage and with repeated practice may facilitate the reflex tight- 
ening of the pelvic floor with sudden increases in loading. 


20.10.4 Exercise Frequency 


There is no consensus on the number of times in a day a patient should complete 
their exercises to be effective but based on the literature and on the importance of 
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setting achievable targets for a patient, the ideal goal is a minimum of 3 sets of exer- 
cises per 24 h. These should be spaced out through the day and as the patient 
improves, the length of time of the long hold and the number of repetitions would 
be increased to 10—12 and as previously mentioned, challenged with changes in 
posture and more dynamic activities. 


20.10.5 Exercise Compliance 


Encouragement is given to the patient to find ways to incorporate the exercises into 
their daily routine. The concept of reversibility is explained to the patient, that a 
muscle will weaken, and their functional role will deteriorate if not exercised and 
kept strong [34]. The emphasis is put on quality, not quantity, and ways are sug- 
gested for a patient to remember to do their exercises, such as apps or reminders set 
on their phones, or post-its around the house [35]. The importance of the correct 
breathing pattern and abdominal recruitment are stressed, and individual pro- 
grammes would be designed for the patients under the guidance of a specialist pel- 
vic health physiotherapist. 

In the pre-operative period, the emphasis is getting the patient into the habit of 
doing your exercises. In the post-operative period, the exercises, with the lifestyle 
changes and the appropriate progression of the exercises 1s to regain bladder control 
and continence. 


20.10.6 Post-Operative Pelvic Health Physiotherapy 


The timing of this appointment may vary according to each hospital’s treatment 
pathway and resources. However, most of the evidence acknowledges that conser- 
vative intervention begun as soon as possible after the catheter is removed, will 
shorten the period of time to regain continence [36]. In reviewing the literature, the 
consensus recommendation is for physiotherapy to commence within the first 
3 months for patients with mild to moderate urinary incontinence and preferably in 
the first 2 weeks post operation. This should continue until continence is restored or 
if at 1 year there is still bothersome urinary leakage, then a referral to a consultant 
urologist with specialist interest in the diagnosis, treatment and management of 
urinary continence should be made [36]. 

Prior to attending the initial post-operation physiotherapy consultation, a patient 
will be sent some preliminary forms to complete. These will include a quality of life 
questionnaire evaluating the frequency, severity and impact of the urinary leakage 
on each of the aspects of the individual’s health and well-being. Commonly used is 
the shortened form of the International Consultation on Incontinence Questionnaire— 
ICIQ-UI SE. In addition, the patient will be asked to complete a Frequency/Volume 
Chart (FVC). This is an objective record of bladder function and fluid intake over a 
3-days period. The information gathered from the questionnaire and the FVC will 
help to assess the impact of the symptoms both on the psychological and emotional 
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well-being as well as the severity of the urinary leakage. This will represent the 
patient’s baseline at the start of treatment and can be used to re-evaluate the inter- 
ventions both throughout and at the end of the episode of care. 


20.10.7 Frequency/Volume Chart (FVC) 


There are many different examples of Frequency Volume Charts both in paper form 
and now in an app that can be downloaded to a mobile phone. This allows an indi- 
vidual to continue the daily routine as normal as possible but with access to a means 
of recording each time he visits the toilet or have a drink. 

The aims of the chart are to: 


1. Record the type and amount of fluid drunk over a 24-h period. Patients are 
encouraged to measure how much their mugs or glasses hold so they can accu- 
rately note their total daily fluid intake. 

2. Record the time and volume of urine passed when they void—an old measuring 
jug by the toilet helps a patient record the volume at each void and gives an indi- 
cation of capacity. 

3. Record the symptom of urgency and severity. This is indicated by a number, 
“OQ” = no urgency but went for other reasons, to “4” = urge incontinence—leaked 
before arriving at the toilet or a description of “none, mild, moderate or severe 
urgency”. 

4. The time and amount of urine leaked and what caused it, for example, “almost 
dry, to damp, wet or soaked” and the trigger, such as a cough, change in posture 
or urgency. 

5. The number of pads or containment devices used in a 24-h period. Pad weight is 
also an effective means of assessing the severity of leakage. 


The chart is reviewed at the first appointment and will supplement the subjective 
history and help in understanding the nature and severity of the urinary leakage. The 
physical assessment as discussed above, with the information from the FVC and 
ICUI-SF will provide the information for the clinician to formulate a diagnosis and 
the emphasis of the rehabilitation interventions [37]. 


20.10.8 Subjective Examination 


The subjective assessmentwill involve an in-depth past medical, surgical and uro- 
logical history. This will include any previous prostate or bladder interventions or 
medications. An evaluation will be made of any existing comorbidities that may 
influence a patient’s continence. This will include any neurological illnesses, spinal 
dysfunction or injury, and any issues with their bowel or erectile function either pre- 
or post-prostate cancer treatment. 


20. Incontinence of Urine after the Treatment of Prostate Cancer 239 


During the consultation, if the patient’s history indicates the need for a referral to 
a specialist for further investigations this will be arranged. If the patient is nearly a 
year from his prostatectomy with no improvement in their urinary leakage, then a 
referral to a urologist with a specialist interest in continence treatment and manage- 
ment would be a priority. 

Following the subjective history and if the patient had not attended a pre- 
operative physiotherapy appointment, the physical examination, as described above 
would be completed. If the patient reported symptoms of bladder overactivity and 
this was evident from their FVC, then lifestyle modifications, bladder re-training, 
urge suppression and post-micturition milking techniques would be discussed with 
the patient and implemented as part of their treatment plan alongside an individual- 
ized exercise plan, as described above. If appropriate, adjunct therapies and core 
stability exercises to facilitate pelvic floor muscle activation and strengthening 
would be considered. Treatment would continue on a weekly or two weekly regime 
or as resources allow. Continual re-evaluation of the treatment interventions would 
be completed on a monthly, three-monthly and six-monthly basis through the means 
of pads tests, FVCs and patient symptom scores to assess progress [26]. The episode 
of care would be completed when the patient reported they were continent, or the 
degree of leakage was no longer having a negative impact on their quality of life and 
well-being. However, as had been noted, if at a year post operation the urinary leak- 
age has not improved or resolved, the patient should be referred for a full urological 
assessment and treatment. 


20.10.9 Conclusions 


Pelvic physiotherapy has a major part to play in patients who suffer from post- 
treatment incontinence and each patient should have an opportunity to discuss their 
concerns both before and after surgery. The benefits will accrue with time. Medical 
and surgical solutions may not be necessary, but if they are, the patient will come 
fully prepared. 


20.11 Medical Therapy 


Patients who do suffer from the symptoms of an overactive bladder should be 
offered anti-cholinergic medication as the first line of treatment. However, Lovvik 
et al. comment that most studies that consider this aspect of management are small 
and not always useful. 

Duloxetine, an anti-depressant was found to help some female patients with 
stress incontinence. In males, the benefits for treating stress incontinence were 50% 
at one month but only 35% of the cohort treated could tolerate the drug [38]. Thus, 
if it is to be used the patient needs to know what the side effects are and that it is not 
a permanent solution. It may be an adjunct to pelvic floor exercises. 
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20.12 Surgical Intervention 


Patients with urinary incontinence who do not respond to fluid management or pel- 
vic floor rehabilitation may be content to remain with their incontinence and some 
patients are happy to do so particularly the more elderly ones. However, many 
patients are significantly distressed and since this disease is presenting in a younger 
age group and patients are physically active and often working wearing a pad/nappy 
is not a solution to their problem. 

Thus, if conservative measures have not worked, a surgical option should be 
considered. 

The fact that the patient has had radiotherapy in addition to surgery does change 
the approach to management since the risk of any surgical intervention appears to 
be greater. 

There are three options, which are beneficial to urinary incontinence: 


e¢ Bulking agents or ProAct [39]. 

e Male slings. 

e Artificial urinary sphincter (remains the “gold standard” and 1s the most widely 
used [40]. 


20.12.1 Bulking Agents 


Bulking agents have been available for treating male stress incontinence for decades. 
They have largely been unpopular because the results of treatment are not particu- 
larly successful. A review by Nguyen [41] showed that between 13 and 100% of 
patients could be benefitted. The one aspect of injecting a bulking substance into the 
male urethra is that it is not an easy procedure to do. It is very operator dependent. 
In the occasional case, the symptoms can be worsened. However, it could be argued 
that, as it is a relatively simple day-case procedure, it is worthwhile offering it to the 
patient since some patients will adopt this treatment and, in some patients, it has 
been very beneficial. 

ProAct has been shown in experienced hands to provide benefits to patients 
according to Nestler et al. [39]. There 1s however a high revision rate (47%). The 
authors state that patient satisfaction was high in spite of the need for revision. 


20.12.2 The Male Sling 


The male sling has only more recently become available for treating male inconti- 
nence. It was based upon the female mesh slings used by the trans obturator route. 
A male trans obturator sling has been used successfully in many men with mild to 
moderate stress urinary incontinence after a radical proctectomy. 

There are two types of male sling—the adjustable and the non-adjustable. Each 
has its own supporters and detractors. A series carried out by Chung [42] showed 
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that adjustable slings were more acceptable than non-adjustable slings. However 
patient selection is important. High pad usage >3 a day gave rise to a higher 
degree of post-op failure. The results are also less beneficial in patients undergo- 
ing treatment with radiotherapy. The benefits of sling surgery also deteriorate with 
time [43]. Collado-Serra et al. [43] showed that after 5 years 60% of patients were 
pad-free. However, at the current time in the UK, this treatment has been put on 
hold because of the mesh controversy and we are not currently implanting male 
slings. This may change in due course. Any other form of sling such as an autolo- 
gous sling in a male is more difficult to carry out and therefore at this time should 
be avoided. 


20.12.3 The Artificial Urinary Sphincter 


The artificial urinary sphincter (AMS800) is the gold standard treatment for stress 
urinary incontinence in men after a radical prostatectomy and is an excellent surgi- 
cal option with excellent outcomes. This treatment has been available for almost 
AQ years and has helped many men. In many ways, it is amazing that the AMS800 
has survived almost unchanged for such a long time and is a testament to its 
clever design. 

The patient should be warned about the potential risks and complications of an 
artificial urinary sphincter, which are infection and erosion requiring removal. 

However, provided the implant is satisfactorily placed then within 6 weeks from 
the time of the surgery it will be activated, and the patient will be continent and usu- 
ally very content. It is important before the implantation of the artificial urinary 
sphincter to ensure that the bladder and urethra are healthy and that there is no 
obstruction. Any obstructed urethra is difficult to treat when an artificial urinary 
sphincter has been implanted as there is the risk of damaging the sphincter during 
any endoscopic intervention. 

Once an artificial urinary sphincter been implanted its life expectancy is usually 
10 years in a male. An AUS 800 can be revised or replaced depending upon the 
circumstances. For the patient who has had radiotherapy or surgery and radiother- 
apy, an artificial urinary sphincter is still a useful option for the patient with severe 
incontinence, but the complication rate will be slightly higher. 

If the artificial urinary sphincter fails in a patient who has had an artificial urinary 
sphincter implanted, it is important to discover where the problem has arisen. If 
there is an infection, then this should be treated with antibiotics. If the infection 
does not settle, then endoscopy should be performed to ensure that the cuff has not 
eroded. If the cuff has eroded, then all of the components must be removed. If the 
pump has eroded all of the components must be removed. 

A new artificial urinary sphincter can be replaced after 6 months if the tissues 
heal satisfactorily. 

If the device fails to work, it 1s usually because there is a leak in the system. In 
the author’s own experience, if the balloon is explored first, the volume of the fluid 
within the balloon can be checked, it is usually 23 mls. If there has been fluid loss it 
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may be from the balloon itself and the balloon should be leak tested. If there is a 
leak in the balloon which is usually seen as a pinhole leak the balloon alone can be 
replaced. If the balloon is intact, then the cuff should be explanted and checked 
since the second problem is usually a cuff leak. If any of the components have to be 
removed, they can be individually replaced or the whole system can be replaced 
particularly if the implant has been in for more than 7-8 years. 

It is prudent to follow the patient up on an annual basis to ensure that all is well. 

The long-term results of the AUS800 have been reported by a number of authors. 
Sacomani [44] reports 87.9% successful implants with 67.8% not requiring pads 
and a 19.8% revision rate. Tutolo et al. [45] report a 58% dry rate and 30.7% revi- 
sion rate. High volume centres have higher success and lower risk of complications 
[46]. This is to be encouraged. 

There have been alternative devices that have been created to offer surgical treat- 
ment for male incontinence which include the FlowSecure [46]. and the ATOMS 
system [47]. Long-term results are awaited. 

The patient who fails to respond to conventional surgery or too unfit to 
undergo surgery. 

The elderly or unfit patients can be maintained in pads. A Conveen system if it 
will safely and effectively stay on the penis is useful in some patients. 


20.12.4 Non-surgical Solutions 


Occasionally, there will be patients who are very wet or who fail to respond to surgi- 
cal intervention and have complications perhaps requiring an implant to be removed 
who either are not fit enough for surgery or do not want surgery who can be man- 
aged with a long-term suprapubic (SP) catheter changed every 6 weeks. An ileal 
conduit urinary diversion is very unusually needed in patients with post- 
prostatectomy incontinence and only used where there are severe complications 
such as a fistula into the pubis and usually follows radiotherapy. 


20.12.5 Conclusion 


Male incontinence after the treatment of prostate cancer is not so uncommon. Up to 
10% of men who have surgery for prostate cancer may be incontinent and this is a 
significant problem. Thus, before any surgery takes place a patient should be fully 
counselled about the potential risks. The patient should have pre-treatment advice, 
counselling and training in pelvic floor rehabilitation. If a patient develops inconti- 
nence after surgery, he should be seen by a specialist pelvic floor physiotherapist 
who would then be able to provide an option to help the patient with the symptoms 
and hopefully improve the condition. If, however after 1 year the patient’s symp- 
toms have not improved then surgical intervention should be considered if the 
patient is keen to be rendered continent. 
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Raveen Sandher and Majid Shabbir 


Preservation of sexual function is of great importance to many men. Singer et al. 
found that 68% of men with prostate cancer would risk a 10% greater chance of 
death in the first 5 years from initial diagnosis in order to have a 50% improvement 
in the maintenance of erectile function [1]. This study gives an important insight 
into the psyche of men and their sexual function, even in the context of a cancer 
diagnosis. Many patients may have chosen their primary treatment due to its lower 
risk of sexual dysfunction, and this is important to remember in the context of offer- 
ing salvage therapy. They may now be faced with the very treatment they wanted to 
avoid in the first place, but this time with a greater risk to the function the wished to 
preserve. 

The salvage therapy options post radical radiotherapy consists of salvage prosta- 
tectomy, hormonal therapy, high or low dose rate brachytherapy (H/LDR-BT), 
cryotherapy and focal therapies such as High-Intensity Focussed Ultrasound 
(HIFU). Focal treatments have become a favourable option due to reported reduced 
morbidity. Salvage therapy post radical prostatectomy is more limited to radiother- 
apy and hormonal therapy. 
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21.1 Salvage Treatments for Radio-Recurrent 
Prostate Cancer 


21.1.1 Salvage Radical Prostatectomy 


Salvage Radical Prostatectomy (SRP) is a technically difficult procedure post radio- 
therapy. Challenging tissue planes can lead to post-operative complications and side 
effects can seriously affect the quality of life. According to the CaPSURE study, 
fewer than 1% of men are eligible for SRP post radiotherapy [2]. Marconi et al. 
found that potency rates were poor after SRP (10.8%) [3]. This is despite potency in 
this study being given a broader definition as ‘the ability to perform spontaneous 
penetrative intercourse with or without the use of PDES-I’ rather than a stricter 
‘return to a normal unassisted baseline erectile function’ definition. The potency 
rates were similar irrespective of the primary treatment used (12.4% potent with 
SRP after primary focal therapy vs. 10.8% after external bean radiotherapy p = 0.61). 
Similar potency rates of 10% have been reported with SRP after primary radio- 
therapy in other series [4]. 

Yuh et al. reported their outcomes post SRP in a single centre. Of the 56 patients 
who had SRP, 72% already had erectile dysfunction after their primary therapy 
(external beam radiotherapy, HIFU, Cryotherapy, brachytherapy, or proton beam 
therapy) [5]. Of the 13 pre-operatively potent patients, none recovered unassisted 
erectile function post SRP. Only three patients in the series were able to respond 
adequately to PDES inhibitors, while a further three went on to use intracavernosal 
injections (ICI) or penile prosthesis. 

Preservation of the nerves during SRP appears to be important in primary sur- 
gery. Masterton et al. reported their experience of SRP after radiotherapy. Of the six 
patients that remained potent, five had bilateral nerve-sparing surgery. They explored 
the concept of peripheral nerve grafting during SRP, but sadly none of the patients 
who had bilateral nerve grafts recovered potency [4]. The definition of surgical 
planes during SRP is difficult, and this may explain the lower potency rates after this 
type of salvage therapy. 

Salvage prostatectomy is suitable for a select few and does have a high cost in 
terms of sexual function and intraoperative and post-operative morbidity. Potency 
rates, where reported, are low across the literature. However, as with studies on 
primary radical prostatectomy, studies on SRP also suffer from a lack of clear uni- 
fied definition of erectile dysfunction making comparisons of data difficult. Salvage 
surgery clearly has a worse outcome in terms of potency when compared to primary 
RP. More evidence is needed regarding functional outcomes, which would allow 
better counselling of patients prior to embarking on SRP. 


21.1.2 Cryotherapy 


Cryotherapy involves the insertion of cryo-needles into the prostate transperineally. 
Tissue is cooled to —30°C. It has direct effects, such as cellular membrane 
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disruption and indirect effects such as ischaemia and coagulative necrosis. The 
rapid freezing and warming leads to the optimal effects of a necrotic core and sur- 
rounding oedema. As the ice ball extends to the neurovascular bundle erectile dys- 
function is a commonly reported symptom. 

AS a primary treatment, cryotherapy has statistically significant higher rates of 
erectile dysfunction starting from 6 weeks and at 3 years when compared to external 
beam radiotherapy [6]. Onik et al. [7] describe nerve-sparing cryosurgery to main- 
tain erectile function in the primary setting (Patients requiring salvage treatment 
were not entered into the study). Of the nine men that underwent primary nerve- 
sparing cryosurgery, seven remained potent post procedure. 

Salvage cryotherapy can be utilised focally or as whole gland cryotherapy. De 
Castro Abreu et al. published data comparing the morbidity of the two [8]. Of the 
seven patients who were potent prior to focal salvage cryotherapy, four were potent 
post treatment, and of the 2 patients potent prior to whole gland salvage cryotherapy 
none were potent after treatment. Oncological outcomes were equivalent. Eisenberg 
et al. reported potency rates in patients undergoing partial salvage cryotherapy. In 
this small study, only 2 out of 5 men remained potent after therapy [9]. 

With time the technology has improved and Lian et al. compared outcomes in 32 
patients having cryotherapy delivered by third-generation technology [10]. Third- 
generation technologies use helium and argon gases, urethral warming and transrec- 
tal ultrasound to help minimise the morbidity associated with cryotherapy. Fourteen 
patients out of the 32 in the study (43.8%) reported adequate erectile function prior 
to salvage treatment. This was defined as HEF scores between 22 and 25. Eight 
patients (57.1%) out of the 14 originally potent patients lost erectile function post 
salvage treatment. Patients were followed up for 5 years. 

Ismail et al. followed their first 100 patients undergoing cryotherapy therapy 
for radio-recurrent prostate cancer [11]. This single centre study followed up their 
patients for 33.5 months. Using the ITEF, 38 patients (60%) of the 63 patients that 
completed the questionnaire had erectile dysfunction prior to targeted cryother- 
apy therapy. Thirty-seven men remained with ED after treatment (59%); interest- 
ingly one patient regained good erectile function. Of the 25 patients at baseline 
who reported adequate erectile function, 14 men required no assistance with erec- 
tile function and 11 men did require assistance with erectile function. After sal- 
vage cryotherapy, of those that did not require assistance for erectile function, 6 
regained baseline function post treatment, 6 had reduced function and 2 had com- 
plete loss of erections. Of the 11 patients that did require assistance at baseline, 5 
patients remained the same and 6 patients lost erectile function. Overall post- 
procedural erectile dysfunction rate was 86%, including those that had ED prior 
to cryotherapy. 


21.1.3 High-Intensity Focussed Ultrasound (HIFU) 


High-Intensity Focussed Ultrasound (HIFU) uses sound waves to destroy prostate 
cancer cells using a thermal energy and cavitation, leading to tissue necrosis. 
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Ultrasound energy is focussed on a fixed point, the density of which can be up to 
1500 W/cm2. Temperatures of greater than 80 degrees centigrade are reached. 

HIFU used as a primary treatment has been shown to have post-procedural 
potency rates of between 54 and 100% [12]. These figures, however, include patients 
requiring assistance such as PDES-inhibitors. Yap et al. pooled data from three pro- 
spective trials involving 110 patients [13]. They found there was an initial drop in 
the ITEF score from 23 at baseline, to 9 at 4 weeks. There was a subsequent improve- 
ment in the IIEF score to 20 at the 1-year point. 

The HIFU Project reported that nerve-sparing HIFU protocols for primary pros- 
tate cancer treatment resulted in potency rates of 40-60% post-operatively when 
compared to the primary non-nerve-sparing technique where potency post- 
operatively was found to be 30% [14]. Patients having nerve-sparing HIFU, how- 
ever, had higher rates of recurrence. This is likely to be as a result of undertreatment 
of the peripheral zone in order to protect the neurovascular bundle. These patients 
required further treatment at 3 months. The effect of cumulative HIFU treatments 
on potency was not discussed in the HIFU Project. 

A single centre retrospective study followed up men for 14 years after primary 
HIFU for localised organ-confined prostate cancer [15]. Although oncological out- 
comes were tracked over the time frame, potency rates are only reported over 12 
months. Potency data was provided by 169 patients out of 202, giving 83.7% response 
rate. Potency rates were 25.4% [16] without assistance and 39.6% with assistance at 
12 months. Thirty-five percent of patients were impotent. The authors found that the 
different generations of technology used did not lead to a difference in outcomes. 

Warmuth et al. [17] performed a systematic review looking at the efficacy and 
safety of HIFU in the salvage setting. They found that adverse potency rates varied 
from | to 77% across 17 studies [17]. These studies were observational case series 
with the level of evidence being very low [17]. As with other salvage technologies, 
there are very few studies on salvage HIFU therapy, and those available have small 
numbers. Chalasani et al. compared outcomes from salvage HIFU post radiotherapy 
to outcome from salvage prostatectomy and salvage cryotherapy [18]. This was a 
relatively large series of 167 patients. Unfortunately, they did not evaluate erectile 
function in the salvage setting. Mallick et al. [19] found that of the 68 patients in 
their study, 66.2% had erectile dysfunction post salvage therapy. Thueroff et al. [20] 
recruited eight patients and noted a 100% erectile dysfunction rate. HIFU has high 
erectile dysfunction rate when used in the salvage setting. 


21.1.4 Brachytherapy 


Brachytherapy is a radiotherapy-based treatment using radioisotopes such as 125], 
103Pd, 192Ir, and 131C. The radioisotope seeds are inserted via needles through the 
perineum. Brachytherapy can be delivered as a salvage treatment post EBRT or 
after previous brachytherapy. 

Salvage brachytherapy (SBT) after primary brachytherapy toxicity data is lack- 
ing. Lacy et al. describe a study of 21 patients. Seven were potent pre-procedure 
[21]. After brachytherapy, only one patient could have an erection with difficulty. 
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Yamada et al. reviewed available studies concerning salvage brachytherapy for 
locally recurrent prostate cancer post EBRT [22]. Erectile dysfunction was reported 
in 4 of the 11 studies. The erectile dysfunction rate varied from 2 to 95%. The wide 
range is indicative of the poor quality of the available evidence and lack of unified 
definition of ED in the published studies. 


21.2 Salvage Treatments for Recurrent Prostate Cancer Post 
Radical Prostatectomy 


21.2.1 External Beam Radiotherapy (EBRT) 


It is thought that the triad of endothelial dysfunction, hypoxia-induced cavernosal 
nerve damage and fibrosis leads to erectile dysfunction post radiotherapy [23]. 
Radiotherapy can lead to neuronal injury by causing inflammation of the cavernosal 
nerve. There is a reduction in nitric oxide synthase release and this in turn causes a 
reduction in nitric oxide production. Arterial injury, caused by delayed fibrosis, can 
lead to reduced corporal blood flow. Finally, smooth muscle injury is caused by atrophy. 

Van Stam et al. investigated the effects of health quality of life in 241 prostate 
cancer patients undergoing salvage radiotherapy [24]. Patients were followed up for 
24 months and completed health-related quality of life questionnaires. Like other 
studies, they found that potency rates at 24 months were worse in the salvage radio- 
therapy group compared to the primary radical prostatectomy group. They also 
found that the longer the period of time between the primary radical prostatectomy 
and salvage radiotherapy greater the sexual satisfaction immediately post salvage 
radiotherapy. 

Olsson et al. followed 124 men after salvage radiotherapy for between 1 and 14 
years (mean 5 years) [25]. When compared to the primary radiotherapy cohort, 
salvage patients had significantly worse erectile function. 43/160 (27%) were unable 
to get erections without medication or technical aids in the primary radiotherapy 
arm versus 70/124 (57%) in the salvage setting. 

Cyberknife is stereotactic body radiation therapy (SBRT). It has an accuracy for 
<1 mm and is used in the salvage setting. A typical protocol consists of 34Gy in five 
consecutive daily fractions. Fuller et al. [26] investigated toxicity post SBRT. They 
defined potency as a SHIM score of >15. A post-treatment score decrease of 5 or 
more defined potency loss. Fifteen of 50 patients (30%) were potent pre-salvage 
SBRT. They found potency loss to be substantial at 82% post salvage treatment. 
Fuller et al. commented that ‘potency loss occurs in a substantial percentage of 
patients in all retreatment series, but none are powered to make any valid relative 
comparisons of this outcome for 1 modality versus another’ [26]. 

Recently there has been an interest in the use of hydrogel spacers placed between 
the rectum and prostate to reduce the toxicity of treatment when delivering prostatic 
radiotherapy as a primary treatment. The spacer was found to reduce the radiother- 
apy dose to the penile bulb from 30 to 10 Gy. The authors demonstrate how at 3 
years post treatment, more men had an erection sufficient for intercourse in the 
spacer arm (66.7%), when compared to the control group (37.5%). (26) No salvage 
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patients were entered into this phase III study and it remains to be seen if this tech- 
nology will have a similar impact in the salvage setting. 

No study to date has compared the difference in functional outcomes between 
primary RP followed by salvage radiotherapy with primary radiotherapy followed 
by SRP. This would be interesting to know as it may help counsel patients on the 
cumulative effects of treatment in the salvage setting, which may be something to 
consider in men with higher risk disease at great risk of needing salvage therapy. 


21.2.2 Androgen Deprivation Therapy (ADT) 


Androgen deprivation therapy is used as an adjunct to salvage radiotherapy. ADT is 
a form of chemical castration. The undetectable levels of testosterone have a signifi- 
cant physiological impact on the male. It provides cancer control by depriving pros- 
tate cancer cells of androgens. The decreased testosterone leads to erectile 
dysfunction, loss of libido, and penile and testicular atrophy. 

Gandaglia et al. [27] found that only patients with more aggressive disease char- 
acteristics seemed to benefit from the use of hormonal manipulation at the time of 
early salvage radiotherapy. Therefore side effects of ADT could be spared in patients 
with low PSA or favourable pathology. 

There is no consensus on a penile rehabilitation protocol following ADT therapy, 
despite the morbidity it causes. PDES1 are less effective in a low testosterone envi- 
ronment, and with a low libido, and treatment with alternatives such as intracaver- 
nosal injections or vacuum devices may be more appropriate in this setting. 


21.3 Treatments for Erectile Dysfunction 


There is a lack of evidence for specific treatment strategies in patients undergoing 
radiotherapy or focal treatments in the primary or salvage setting. Much of the avail- 
able data concern functional rehabilitation post primary radical prostatectomy. 
While there are no specific rehabilitation strategies in the literature for patients 
undergoing SRP many of the treatment post primary surgery strategies can be effec- 
tively used irrespective of the type of salvage treatment used. 


21.3.1 Structural Changes Post Prostatectomy 


Studies have shown evidence of structural changes in the cavernosum post primary 
prostatectomy [28], which can progressively lead to veno-occlusive erectile dysfunc- 
tion [29]. The early introduction of therapy to prevent penile tissue damage may 
alleviate this. The use of such ‘penile rehabilitation’ prior to the development of 
penile fibrosis is advocated by many experts in the field [30]. The aim of such therapy 
has been well surmised in a UK Consensus paper as ‘the restoration of assisted and 
non-assisted erectile function and the prevention of structural changes’, with the 
‘maintenance of blood flow to the penis and maximization of the potential for 
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cavernosal nerve repair to enable natural penetrative erectile function, prevent 
penile shortening, endothelial damage and promote re-oxygenation of the tis- 
sue’ [31]. 

While no consensus exists on the exact timing for starting such therapy after 
treatment (i.e. day 1 post-op, at catheter removal, or later), studies have shown that 
early instigation in the first month is associated with improved outcomes [32-36]. 
This is supported by evidence from in vivo studies, which have shown prevention of 
some of the ultrastructural changes associated with cavernosal nerve injury, includ- 
ing intracorporeal apoptosis, collagen deposition and subsequent veno-occlusive 
dysfunction, with early PDES inhibitors use [37-40]. Based on these studies, the 
commencement of therapies to improve erectile function as close to treatment as 
possible would be most beneficial. 

At present, it is unclear if these same rehabilitation therapies are effective in the 
salvage setting, or after alternative therapies such as cryotherapy or radiotherapy. 
However, the immediate negative impact of these treatments on erectile function 
can lead to the same cavernosal tissue damage and fibrosis, so the commencement 
of some form of early treatment would be logical. 


21.3.2 PDES5 Inhibitors 


The advent of PDES inhibitors totally revolutionised the management and stigma of 
ED treatment. The ease and efficacy of this oral therapy increased uptake and com- 
pliance with ED treatment. Animal studies over the last 10 years have shown that 
PDES inhibitors can ameliorate the effects of cavernosal injury 1n vivo by reducing 
penile hypoxia, smooth muscle apoptosis and fibrosis and preserving endothelial 
dysfunction. Some evidence has also been seen in patients; Schwartz et al. [28] 
showed a statistically significant increase in cavernosal smooth muscle content in 
men treated with sildenafil 100 mg for 6 months (alt days) versus 50 mg alt days for 
6 months on biopsy post RARP. 

However, the clinical evidence for the use of PDESi to improve EF post primary 
RP as part of a penile rehabilitation programme is still unclear. The early use of a 
PDE5S inhibitor post nerve-sparing RP may be beneficial, but the current body of 
evidence does not clearly support a daily dosing regime over on-demand therapy in 
this setting [41]. In the salvage setting where the risk of neuronal injury is higher, 
the benefit of PDES5i is less clear. However, they still remain as an easy first-line 
treatment strategy to use except in cases where both nerves were clearly not sal- 
vaged, or in patients taking hormone therapy, where an alternative first-line approach 
such as intracavernosal injections may be more appropriate. 


21.3.3 Intracavernosal Injections (ICI) 
This treatment formed the first penile rehabilitation programme 18 years ago. 


Montorsi et al. used ICI alprostadil injections three times a week for 12 weeks with 
good effect [16]; 80% were able to complete the programme of 3-weekly injections 
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with 67% reporting the return of satisfactory spontaneous erections compared to 
20% in the control group. The regular use of such ICI regimes is usually limited by 
patient choice and penile pain that develops in approximately 30-40% of patients 
using alprostadil. 

Gontero et al. assessed the best time to commence ICI therapy in patients post 
non-nerve-sparing RP [42]. Those starting at ICI alprostadil 1 month post-op had 
the best response to therapy, but the most significant pain and risk of priapism. This 
resulted in the lowest compliance overall. Those who started < 3 months had a sig- 
nificantly better erectile response than those starting at 4-12 months post-op, and 
they concluded that 3 months was the optimal start time for ICI to achieve the best 
compromise in terms of effectiveness and patient compliance. 

This treatment can be effectively used after all salvage therapies as it does not 
rely on intact neuronal function or a normal testosterone environment to be effective 
and may have a larger role to play in the salvage compared to the primary treatment 
setting. 


21.3.4 Vacuum Constrictive Devices (VCD) 


VCDs offer a cost-effective and drug-free approach to managing penile rehabilita- 
tion and ED post treatment. Their efficacy is not related to nerve-sparing status. 
Their daily use (10 mins) from 1 month post-op has been shown to limit the loss of 
penile length and girth post primary RP (a surrogate marker for penile fibrosis) and 
aid earlier return of sexual function [35, 43]. However, their biggest disadvantage is 
patient acceptance and compliance. Many patients find them embarrassing, diffi- 
cult, and cumbersome to use for daily rehabilitation, and uncomfortable and unnatu- 
ral to use for intercourse. Although their use alone can be clinically effective, 
compliance issues make them less satisfactory in this setting. 


21.3.5 Failure to Respond to Therapy: Penile Implant Surgery 


Penile implant surgery is a well-recognised ED treatment and is effective even when 
all other forms of therapy have failed. It is also useful in cases where alternative 
treatments have been intolerable and forms the third-line treatment for ED post 
RP. The use of penile prosthesis in this setting has been shown to be safe, feasible, 
effective, and reliable with greater treatment satisfaction compared with PDES5 
Inhibitors or ICI in both patients and partners [44-46]. Penile implant surgery has a 
greater role to play in the salvage setting due to the higher risk of neuronal injury 
and erectile dysfunction refractory to oral therapy. 

When counselling patients for implants, they must be aware that the surgery is 
irreversible. They should be counselled about the different types of implants, namely 
the inflatable or the malleable implant. While 80% prefer the three-piece inflatable 
device, those that chose the malleable after the correct counselling are just as satis- 
fied with the outcome. Implant surgery should be undertaken in specialist centres 
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that undertake this type of surgery in volume to achieve best results. In the salvage 
setting, both malleable and inflatable implants may be offered, but greater care 
needs to be taken when inserting the inflatable prosthesis reservoir due to the addi- 
tive impact of surgery and radiotherapy, or other focal therapies, to the space of 
Retzius. The subsequent fibrosis can make a ‘blind’ insertion of the reservoir more 
hazardous, and an open or ectopic reservoir placement is a safer approach. 


21.3.5.1 Psychosexual Counselling 
Erectile dysfunction can have both physical and psychological elements, which 
have the same negative impact on sexual function and desire. In the post-treatment 
setting, while the former certainly dominates, it is not the exclusive issue. The 
impact of recurrent cancer and the additive effect of repeated treatments can have a 
major effect on psychological well-being, which can itself affect sexual function. 
Patients should be given a clear understanding of what changes may occur as a 
consequence of salvage treatment, an idea of why they occur, and the role and scope 
of different treatment strategies, including a realistic concept and timescale of func- 
tional recovery. This should start before treatment and continue in the post-salvage 
therapy period. It can be achieved in patient group seminars, or in individual ses- 
sions in the ED clinic. Those who develop a clearer psychogenic element to their 
erectile dysfunction would benefit from sessions with a psychosexual counsellor. 
Studies have shown that counselling can have a positive impact on the outcome. 
Patients randomised to ICI therapy with sexual counselling had significantly better 
outcomes with regards to sexual function than those who underwent ICI therapy 
without counselling. Those with counselling had better mean HEF score (26.5 vs 
24.3, p < 0.05), better sexual satisfaction (73% satisfied vs. 43%) and fewer treat- 
ment dropouts (no dropouts vs. 28%, p < 0.05) [47]. 


21.4 Summary 


The primary treatment choice in prostate cancer 1s a balance of oncological control 
and an acceptable side effect profile. Deciding on salvage therapy is a more difficult 
choice, as the patient may have often veered away from a particular primary treat- 
ment such as surgery because he found those side effects worrying or unacceptable. 
In the salvage setting the side effects, and consequences of any given treatment, are 
greater than in the primary setting. This in turn means the patient needs to be better 
counselled. Clearly, the focus is on oncological control in the salvage setting, but 
good treatment outcomes and survival mean that patients will recover to a new exis- 
tence with functional consequences. Studies of the impact of sexual consequences 
have shown that poor function does bother patients to a level were reduced survival 
with better function may have been more preferable for some. 

The lack of good evidence in this field makes adequate counselling and prediction 
of functional outcomes difficult. More research is needed to understand the cumula- 
tive impact of salvage therapies, and how they can be mitigated. Greater neuronal 
and vascular injury by combination therapy often means simple treatments are no 
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longer effective and that treatment is more likely to need Caverject or a penile implant 
to restore sexual function. Patients should be well counselled accordingly beforehand. 
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